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(4) Introduction: 

The clinical outcome is generally positive for patients with node-negative breast carcinoma (i.e., 
those who do not have detectable metastases in the lymph nodes) who have been treated with 
surgery or surgery and radiation therapy. In about 13% of the patients, however, the disease 
spreads, and they are at risk of death (Lewis and Conry, 1992; Scorilas et al, 1993; Fisher et al. 
1997). Genetic tests capable of identifying patients at risk for metastatic spread and/or better 
treatment targeted to eradicate metastatic tumor deposits could have a dramatic impact on the 
overall survival of these patients. The development of a panel of molecular genetic markers for 
identifying the 13% lymph node negative mammary carcinomas that are known to develop 
metastases (Fisher et al. 1997) would be clearly be of considerable value in indicating those 
cases in need of early aggressive therapy. There would also be considerable benefit to the 87% 
of women with mammary carcinomas that are not likely to metastasize by sparing them the 
considerable physical, mental and financial costs of the treatment. 

(5) Body: 

The technical objective of this project is to isolate genes or DNA sequences whose loss 
represents a step in the acquisition of metastatic property by ductal mammary carcinoma cells. 
To accomplish this objective we have been using representational difference analysis (Lisitsyn et 
al. 1993; Li et al. 1997) on normal/primary and metastatic archival tissue samples from patients 
with breast carcinoma. Attaining this aim will result in a panel of molecular genetic markers that 
could be used for differentiating with high sensitivity and reliability ductal mammary carcinomas 
that are prone to developing metastases from those that will not. 

Statement of Work as proposed in the grant application (3 years) 

Task. 1: Isolation of differential sequences specific to breast metastasis using RDA 
i.   Collection   of additional  tissues   of ductal   mammary  carcinoma  (DMC)   and 

continuation of ongoing RDA product characterization (Months 1-12) 
ii. Confirmation of histopathology of tissues before LCM (Months 1-24) 
iii. LCM of 30 cases of DMC tissues with normal, primary and metastasis cell 

components (Months 2-30) 
iv. RDA of 30 cases of DMC (Months 1-14) 

Task. 2: Characterization of the differential RDA products. 
i.   Cloning of RDA products isolated from the loss side (Months 1-18) 
ii.   Sequencing and Southern blot analysis of the clones (Months 1-20) 
iii. Homology search of positive clones (Months 2-28) 
iv. Northern blot analysis of the analysis of significant clones from the past and present 

RDA experiments (Months 6-25) 
v.   Isolation of complete gene sequences (Months 6-25) 

Task. 3: Further analysis of candidate genes of metastasis. 
i.    Screening the metastasis-specific genes on at least 120 DMC cases and statistical 

analysis (Months 12-30) 



ii.  In vitro and in vivo functional assays of metastasis (Monthsl2-30) 
iii. Antisense   oligonucleotide-mediated   disruption   of  mRNA   translational   studies 

(months 18-34) 
iv. Compilation of data for the submission of final grant report (Months 33-36). 

Third Year Progress Report: 
The following is the progress of the work done so far in the third year (Please note that we are 
now named markers associate with metastasis as Metastasis Associated DNA Sequences 
[MADS] instead of Metastasis Associated Gene Sequences [MAGS]): 

Task 1: 

All the proposed experiments have been completed. However, we found that the remaining 
archival tumor tissue samples (paraffin embedded tumor tissue samples) were not suitable for 
microdissection by Laser Capture Microdissection (LCM). Though we were successful in 
performing Single Cell Microdissection (SCM) on some of the cases, unfortunately the DNA 
isolated from these microdissected cells was degraded and not suitable for Representational 
Difference Analysis (RDA) experiments. 

Besides, the 12 RDA experiments we have performed so far yielded about 1600 clones. Of 
them, we randomly selected only 700 for preliminary characterization. Characterization of RDA 
clones (MADS) took most of our time. However, if time permits, we wish to characterize the 
remaining clones instead of performing additional RDA experiments, to isolate additional 
Metastasis Associated DNA sequences (MADS). 

Task 2: 

As mentioned previously, we have isolated 11 candidate MADS. From the remaining RDA 
experiments we isolated 4 additional novel MADS using our "total probe" screening method. 
From each of the RDA experiments (loss side) except for the first experiment (in which 100 
clones were randomly selected), 50 clones were selected and transferred onto separate nylon 
membranes. In this way we prepared 8 membranes from 8 RDA experiments using tumor tissue 
samples and 4 membranes from RDA experiments using 2 pairs of cell lines. The DNA from the 
11 MADS (isolated from the first RDA) were mixed in equal amounts and used as a 32p-dCTP 
probe (Total probe) on each of the 12 membranes. We picked up 47 clones that did not 
hybridize with the total probe. We believe that these sequences are novel (not present in the 11 
MADS mixture). Similar to those differential sequences that were isolated from the first RDA, 
these 47 candidate clones were sequenced. Sequencing revealed additional 4 groups of MADS. 
Thus bringing the total number of MADS to 15. 

The sequencing of 4 new MADS showed the following homology in the gene banks: 

MADS-XII: Size: 125bp; 96% homology with BAC clone RP11-651C2 on chromosome 4. 
MADS-XIII: Size: 212bp; 99% homology with BAC clone RP11-452C13 on chromosome 7. 
MADS-XIV: Size: 23 lbp; 92% homology with BAC clone AC000119 on chromosome 7. 
MADS-XV: Size: 172bp; 95% homology with BAC clone AL590825 on chromosome 6. 



Isolation of complete MADS: 

Generally RDA recovered size of differential sequences are in the range of 100-350bp. For 
example, MADS-IV is only 185bp. Since MADS-IV seemed to be a novel sequence without any 
homology in the gene banks, in order to obtain partial/full-length sequences of MADS-IV, we 
used human mammary cDNA library screening and Inverse-PCR (I-PCR) methods. The reason 
behind these 2 approaches is to obtain complete gene sequence or reasonably long enough 
sequence so that we can use these MADS for transfection studies as well as use as FISH probes 
(more than 1Kb size of DNA sequence is required to use as FISH probe) to screen normal and 
tumor cells simultaneously on primary and metastatic tumor tissue sections of patient samples. 
However recently we changed our approach in this regard. We are planning to use BACs 
containing MADS directly as FISH probes and also transfect retrofitted BACs (please see under 
task 3 and also attached R-21 grant application) containing MADS into highly metastatic human 
breast carcinoma cell lines to evaluate their metastatic potential. This strategy we believe will 
obviate the antisense experiments we proposed under task 3, for evaluating the metastatic 
potential of MADS. 

Task 3: 

Further characterization of promising MADS: 

MADS-IV: 

As mentioned earlier MADS-IV is a novel sequence showing no homology in the NCBI gene 
banks. We showed that MADS-IV is missing in 4 cases (including the index case used for RDA). 
RT-PCR results of MADS-IV using total RNA from normal and tumor tissue samples revealed 
that it is an expressed sequence. To confirm if this sequence is tissue-specific, we screened 
multiple tissue RNA Master Blots™ (CLONTECH Laboratories, Inc.) using MADS-IV as a 
<x32p-dCTP probe. Results revealed that MADS-IV is not tissue-specific (expresses in mammary 
gland and also in all the other human tissues, but not in non-human RNA or cDNA samples), 
indicating that MADS-IV is a part of a human gene that transcribes commonly in human tissues 
(Fig. 1). This reiterates the fact that this MADS could, possibly be a part of a functional gene 
involved in breast tumorigenesis/metastasis or both. 
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Fig. 1. Results of Northern hybridization of RNA Master Blot (CLONTECH Laboratories, Inc.) using 
MADS-IV as probe.   It showed expression in all of the human tissues, but not in non human RNA or 
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cDNA (synthetic poly r(A), yeast tRNA or total RNA, or C0tl DNA) indicating that it is an expressed 
human gene sequence. No significant change in the intensity of signal was noticed in breast tissue 
(Arrow) compared to the remaining tissues. Ubiquitin gene was used as an internal control for 
normalization. 

MADS-XI: 

This sequence is a novel dinucleotide repeat sequence (TG/AC) which was found to be missing 
(partial/complete) in 5 out of 6 metastatic DNA samples in a slot blot. After repeated attempts, 
recently we are now successful in sequencing the complete MADS-XI (Fig. 2; also please see the 
attached manuscript by Mukherjee et al, 2002 for details). 

FGATCTTAATCCGGGGAGTGGCGTATGTAGTAGAAGAGTCTGGATTTGAGTAGTGTAT 
GGTAACGCCAG (T-G)5 C (T-G)4GTA (T-G)2G (T-G)4T(T-G)3 GCA(T-G)3G(T-G)2TATGG(T-G)3G 
(T-G)3A (T-G)4GTGCG(T-G)2AGATACGTGG(T-G)3GGG(T-G)6 G (T-G)3 G (T-G)5 GTA (T-G)2 G (T- 
G)3G V. 

Fig. 2. Complete MADS-XI with unique sequence (bold letters) and enriched with TG repeats; V= vector sequence 

MADS-IX: 

To determine if these MADS are indeed associated with metastasis rather than transformation, 
DNA was used from cells recovered with the LCM method from normal, primary and metastatic 
tissue samples from 5 additional patients. These samples were screened by PCR using primers 
designed from different MADS. As shown in the figure 3, MADS-IX was present in normal cell 
DNA samples of all the 5 patients but the intensity of hybridization was less in the primary 
tumor cell DNA samples from 2 patients and totally undetectable in the metastatic cell DNA of 
these two patient samples, suggesting a loss of this gene sequence during progression to 
metastasis. This analysis revealed that MADS-IX was lost in the transition from normal to 
primary to metastasis in 2 of 5 cases (3 of 6 cases if the case used in the RDA assay is included). 
The fact that it was present in primary tumor cells, but missing in lymph node metastatic cell foci 
strongly suggests that this is a marker for a novel metastasis suppressor gene. 

Fig. 3. PCR screening of MADS IX on normal, 
primary and metastatic cell DNA samples of 5 
patients. PCR results showing the target DNA band 
(180bp) missing in the metastatic cell DNA of 
patients 1 and 3 (M lane), ß-actin as an internal 
control. 

Fig. 3 

180bp 

295bp 

The RH mapping revealed that MADS-IX is localized to a 21cR interval between markers, 
D105539 and D10S549, corresponding to human chromosome 10 band q21.1. To determine if 
this gene is close to PTEN, we screened 4 tumor cell lines and matched normal DNA (the first 3 
tumor cell lines had known losses in specific chromosomal regions, the 4th cell line had loss of 



homozygosity of PTEN gene). PCR screening of MADS-IX and PTEN showed that MADS-IX 
is present in all the 4 tumor cell lines (HCC-1806, HCC-1143, HCC-1428 and HCC-1937), 
especially the 4th cell line. PTEN is present in 3 cell lines, but missing in the 4th cell line, 
indicating that it is a novel DNA sequence but is neither a part of PTEN gene nor localized in the 
homozygous loss region of chromosome lOq arm encompassing PTEN region (Fig. 4). 

MAGS-IX 
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Fig. 4. PCR screening of MADS-IX on normal and tumor DNA samples from breast 
carcinoma cell lines that losses in specific chromosomal regions (especially the 4th which had 
loss of homozygosity of PTEN gene), showed the presence of MADS-IX in all 4 cell lines. 
The second row showing the presence of PTEN in the normal cell DNA but missing in the 
tumor cell DNA of 4th cell line (4T lane), indicating that MADS-IX is neither a part of PTEN 
nor localized in the loss region of lOq which encompasses the PTEN gene, ß-actin was used 
as an internal control. 

So far we have been using PCR (Southern slot-blot, where not possible) methods for the 
characterization of all the MADS on microdissected normal, primary and metastatic tumor cell 
DNA samples. One of the main problems we encountered was the inconsistency in the PCR 
results. We had to repeat the PCR experiments several times to confirm the absence/presence of 
the MADS (partial or complete) in a given patient sample. The partially appearing PCR bands 
are most of the times confusing because they could be partial loss or a possible contamination 
from few stromal (normal) cells during microdissection. We therefore proposed to screen the 
patient samples by FISH. This method we believe is more reliable method to differentiate the 
archival tumors that did metastasize from those which did not. Since normal and tumor cells are 
present side by side in a primary tumor sample, we proposed that these markers should be 
present in normal cells and missing (one allele or 2 alleles) in the tumor cells. In these attempts 
we used MADS-IX as a FISH probe. Generally, FISH requires larger sized probes (DNA 
fragment: l-1000kb). Since the size of the MADS-IX is only 180bp, we designed primers from 
the BAC clone that has homology with MADS-IX, and isolated a DNA fragment sized 2 Kb 
encompassing the MADS-IX by long-accurate PCR using normal human genomic DNA as the 
template. This 2 Kb MADS-IX is used as a FISH probe to localize on human metaphase 
chromosomes to determine that MADS-IX is a human sequence and not an artifact. We labeled 
MADS-IX with spectrum green (Vysis) and probed on human metaphase chromosomes (Fig. 5). 
The results showed that MADS-IX is localized on chromosome 10 at q21 region (close to 
centromere on the long arm). 



Fig. 5. Localization of MADS-IX on human metaphase 
chromosomes. Centromere of chromosome 8 was used as a 
positive control probe. MADS-IX was found to localize around 
10q21 chromosome region (close to centromere). Both the 
MADS-IX and CEP-8 are labeled with spectrum green (Vysis). 

Identification of loss of MADS-IX on primary tumors by FISH: 

Since our long term goal is to screen the MADS as FISH probes on primary tumor tissue sections 
to predict if that primary tumor is prone to developing metastasis or not, we made an attempt to 
screen MADS-IX as a FISH probe on normal tissue and primary tumor tissue sections of a 
patient who developed metastasis. We labeled chromosome 8 centromere (positive control) with 
spectrum orange and MADS-IX with spectrum green and screened normal tissue, primary tumor 
and positive lymph node tissue sections. Normal tissue section showed several red and green 
signals but the cell/nuclear morphology was not clear due to lot of fat around the cells. In the 
primary tumor tissue sections, as expected, the tumor cell nuclei were much larger than the 
normal cell nuclei and the FISH signals were clearer than that of the normal cell nuclei. Since we 
used 2 probes, we expected 3 patterns of labeling signals in the nuclei (presuming the centromere 
of chromosome 8 is not lost in these tumors), (i): 2 reds and 2 greens, if it is a normal cell 
nucleus or a tumor cell nucleus that did not lose MADS-IX; (ii): 2 reds and 1 green, if there is 
heterozygous loss of MADS-IX; (iii): 2 reds and no green, if there is homozygous loss of 
MADS-IX. As shown in figure 6, we observed clearly all the three patterns in the primary tumor 
section. Out of 50 cells with clear-cut morphology observed in the primary tumor section, 27 
clearly were of first pattern (normal), 20 were of second pattern and 3 of third pattern. Similar 
FISH in the positive lymph node tumor section of the same primary tumor showed more pattern 
3 cells rather than pattern 2 cells. Recently we screened another primary tumor that did not 
develop metastasis. Out of 50 cells observed, interestingly we did not record any cell that 
belonged to pattern 3 and only 3 cells that showed pattern 2 (loss of heterozygosity). These 
results are promising. As mentioned elsewhere in the present FISH preparations, we switched 
the dyes to avoid confusion between the spectrum green labeled target sequence signal and 
artifact green color signals generated by fat lobules in the primary tumor section. 



Fig. 6. Localization of MADS-IX in different cells of primary tumor tissue section. Chromosome 8 
centromere (positive control with red signals) was labeled with spectrum orange and MADS-EX 
with spectrum green (green signals). 3 patterns of labeling signals in the nuclei were observed: (i): 
2 reds and 2 greens, if it is a normal cell nucleus or a tumor cell nucleus (right side top inset) that 
did not lose MADS-IX; (ii): 2 reds and 1 green (left lower inset), if there is heterozygous loss of 
MADS-IX; (iii): 2 reds and no green, if there is homozygous loss of MADS-IX (left top inset). 

Touch preparations: 

Attempts are being made to use a simple method to prepare slides with tumor cells without using 
cut tissue sections from the tumor block. The tumor tissue material will be exposed by trimming 
of the paraffin material from the block and then by touching the tumor tissue side at several 
places on the slide which will allow some cells to attach from the block on to the slide surface. 
Conventional methods will be used to fix the cells followed by standard FISH procedure. 

Expected FISH screening results: 

Based on our results, we expect a panel of useful DNA markers which could differentiate 
primary tumors that did develop metastasis (Group-I) from those which did not develop 
metastasis (Group-II). We expect that a significant number of tumors in group-I will show loss 
of heterozygosity for majority of MADS and the corresponding positive lymph nodes should 
show homozygous loss. Similarly a significant number of tumors of group-II will show no loss 
for those MADS. However marker status comparisons will be made only between group-I 
primary tumors versus Group-II primary tumors. FISH results along with tumor data will be 
tabulated for analysis. 

Evaluation of metastatic potential of BACS/MADS: 

We identified 14 BACS that contain corresponding 14 MADS using gene bank search (Till to- 
date we could not find homology to MADS-IV in gene banks of NCBI and we do not have 
access to Celera database). We currently have obtained one BAC containing MADS-IX and the 
remaining will be purchased from Research Genetics (Huntsville, AL). The candidate BACs 
will be retrofitted with a selectable marker neo and then introduced individually into metastatic 
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human mammary MDA-MB-435 tumor cells following the procedure described by Mejia and 
Monaco (1997). 

We have transfected a metastasis suppressor (nm23) gene and a metastasis promoter (ErbB2) 
gene with plxsn vectors into MDA-MB-435 cells and successfully examined the primary tumors, 
lymph nodes and lungs in a SCID mouse model (Fig. 7). So we can easily transfect BAC/MADS 
into 435 cells. In this regard Dr. Athwal of Temple University, agreed to help us if we face any 
difficulty in the construction of retrofitted BAC/MADS. 

Fig. 7. In Vivo Spontaneous Metastasis Model: The 
left panel represents the mouse injected with 
control cells (vector only) and right panel with a 
retrofitted BAC/MADS which has the potential to 
inhibit or reduce metastasis (For details please see 
attached R-21 grant application). 

(6) Key Research Accomplishments: 

• We isolated additional 4 candidate metastasis associated DNA sequences (MADS) using 
our "Total probe" method. Thus bringing the total number of MADS to 15 (11 MADS 
were isolated previously). 

• Human multiple tissue Northern blot experiments reiterated the fact that MADS-IV 
(novel sequence having no homology in NCBI gene banks) is an expressed sequence and 
also revealed that it expresses in human breast and other tissue RNA samples. 

• We have isolated three promising MADS (IV, IX and XI) that were found to be missing 
(partial/complete) in primary/metastatic cell DNA of patients other than the index cases. 

• Screening of MADS-IX on different tumor samples and tumor cell lines (one of them had 
homozygous loss of PTEN gene) revealed that MADS-IX is neither a part of PTEN gene 
nor localized in the homozygous loss region of chromosome lOq arm encompassing 
PTEN region. 

• Attempts were made to replace PCR method with Fluorescence in situ hybridization 
(FISH) for screening MADS on primary tumor tissue sections.  Preliminary screening of 
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MADS-IX in the primary tumor (in a total of 50 cells) that had positive lymph nodes 
showed normal cells (27), loss of heterozygosity (20) and loss of homozygosity (3) while 
the primary tumor with negative lymph nodes showed normal cells (47), loss of 
heterozygosity (3) and loss of homozygosity (0) indicating the potential of the MADS as 
FISH probes in identifying the primary tumors that did and did not develop metastasis. 

• The tumorigenesis cum metastasis SCID mouse model was used successfully by 
transfecting MDA-MB-435 breast carcinoma cells with a metastasis suppressor (nm23) 
and a metastasis promoter (ErbB2) to determine drug targeted genes associated with 
breast metastasis. 

(7) Reportable outcomes: 

Manuscripts, abstracts and presentations 

• Research manuscripts: 

Published: 
R. Yuan, S Fan, P. Mohan R. Achary, D. M. Stewart, I. D. Goldberg, and E.M.R. Rosen, 
(2001) Altered gene expression pattern in cultured human breast cancer cells treated with 
hepatocyte growth factor/scatter factor (HGF/SF) in the setting of DNA damage. Cancer 
Research 61: 8022-8031 (copy attached; Annexure-I) 

Submitted: 

P. Mohan R. Achary, Zhao H, Fan Z, Herbst L, Mahadevia PS, Jones, J. Klinger HP, 
Vikram B. A candidate metastasis associated DNA marker for ductal mammary 
carcinoma. Breast Cancer Research, (copy attached; Annexure-II) 

B. Mukherjee, H. Zhao, B. Parashar, B. M. Sood, P. S. Mahadevia, H. P. Klinger, B. 
Vikram, P. Mohan R. Achary. Microsatellite dinucleotide (T-G) repeat: A candidate 
marker for breast metastasis. Cancer Detection and Prevention, (copy attached; 
Annexure-III) 

In Preparation: 

C. Xue, H. Zhao, Jeffrey Segall and P. Mohan R. Achary. cDNA expression profile in EGFR 
and ErbB2 mediated metastasis in human breast carcinoma cell lines and their effect on 
spontaneous metastasis in a SCID mouse model. Cancer Cell. 

Zhao H, Liu J, Datta PK, Klinger HP, Vikram B and P. Mohan R. Achary. 2002, Genes 
associated with nm23 mediated metastasis in breast carcinoma cells. Tumor Biology. 

Presentations: 

12 



1. Zhao H, Fan Z, Mukherjee B, Herbst L, Jones J, Klinger HP, Vikram B and P. Mohan 
R. Achary, Characterization of Metastasis Associated Gene Sequences in Breast 
Carcinoma. Fifth Annual Einstein Postdoctoral Symposium, AECOM, December 4th, 
2001 (Annexure-IV). 

2. Invited talk on Metastasis associated genes in breast carcinoma by the faculty of the 
Department of Radiation Oncology, AECOM/MMC on January 7th, 2002. 

3. Zhao H, Fan Z, Herbst L, Breitling D, Jones JG, Mahadevia PS, Klinger HP, Vikram B, P. 
Mohan R. Achary. A candidate metastasis associated genetic marker for ductal mammary 
carcinoma. 93rd Annual AACR Meeting at San Francisco, California, Proceedings of 
American Association for Cancer Research, April 6-10,2002, (Annexure-V) 

4.Selected as an external panelist in the Human Genome Project conference at Old Dominion 
University (Norfolk, VA) and presented a talk on breast metastasis, during June 14th and 15 
2002 (Annexure-VI) 

5.Invited by the Department of Medical Oncology, Montefiore Medical Center to give a talk on 
the "Molecular markers in breast and cervical Cancer" on August 16th 2002. 

6. Presentation (Molecular markers of metastasis in ductal mammary carcinoma) at the US Army 
'Era of Hope' breast cancer research conference to be held during September 25th to 28th, 2002, 
in Orlando, Florida. 

Patents and licenses applied for and/or issued 

None 

Degrees obtained that are supported by this award 
None 

Development of cell lines, tissue or serum repositories (core facilities) 
• The PI procured Tissue Arrays (Glass slides consisting of 500 tumor sections from 

different cancers including breast cancer) from NCI. Attempts are currently being made 
to screen MADS as FISH probes on the tissue arrays. 

• In our breast carcinoma tumorigenicity cum metastasis nude mouse model, we 
transfected human mammary metastatic cell lines (MDA-MB-435) with a metastasis 
suppressor (nm23) and a metastasis promoter (ErbB2) and generated cell lines from the 
primary tumors and metastatic lungs for cDNA microarray studies. 

Informatics such as databases and animal models etc. 

• The tumorigenicity cum metastasis mouse model is being currently used to study signal 
transduction pathways associated with nm23 and ErbB2 mediated breast metastasis. 
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• In collaboration with Dr. Roman Perez-Soler, we have used this mouse model to 
determine if a campothecan drug called Db67 (which has been claimed to inhibit 
metastasis of certain tumors) will inhibit mammary carcinoma from becoming metastatic. 

Funding applied for based on work supported by this award 

• PI has resubmitted a R-21 grant application to NIH for the July 1st, 2002 deadline, based 
on the results obtained from the current US Army project (a copy of the application 
attached; Annexure-VII). In the first review (2001) it received a priority score of 236 
which was just below the funding level. The reviewers of his application indicated strong 
approval for the novelty and importance of these molecular studies of mammary cancers 
but had some concerns as to the feasibility of some of the procedures to be used. In the 
interim, we have obtained additional results demonstrating the feasibility of these 
procedures and have resubmitted this application which is currently being reviewed. 

• Dr. Richard A. Britten, Dept. of Radiation Oncology, East Virginia Medical Center, 
Norfolk, VA, as Principal Investigator and Dr. Achary as Co-PI has submitted an IDEA 
grant to US ARMY Ovarian Cancer Research Program on June 18th 2002. 

Employment or research opportunities applied for/or received on experiences/training 
supported by this award: 

• Dr. Herbst, Department of Pathology, AECOM, as Principal Investigator, and Dr. Achary 
as co-principal investigator, recently received a three-year grant from the Morris Animal 
Foundation. 

• Dr. Achary has been selected as Editor for the journal, Cytogenetic and Genome 
Research (Annexure-VIII). He has been a reviewer for journals namely, Gynecologic 
Oncology, American Journal of Pathology and Cancer Detection and Prevention. 
Recently he has been selected as the 'Associate Administrator for Scientific Affairs' for 
the International Cytogenetics and Genome Society. He also has reviewed grant 
applications from the Foundation of Ohio Cancer Research Associates. 

(8) Conclusions: 

Fifteen candidate MADS have been isolated so far from 12 RDA experiments. Three of them 
(MADS-IV, IX and XI) were found to be promising markers for breast metastasis. RH mapping 
and homology search results indicated that MADS-IX is present close to PTEN gene on 10 q 
chromosomal arm. Screening of MADS-IX on different tumor samples and tumor cell lines (one 
of them with homozygous loss of PTEN gene) revealed that MADS-IX is neither a part of PTEN 
gene nor localized in the homozygous loss region of chromosome lOq arm encompassing PTEN. 
Our attempts to supplement the PCR method with Fluorescence in situ hybridization (FISH) for 
screening MADS on primary tumor tissue sections were successful. Screening of MADS-IX as a 
FISH probe in 50 cells from a primary tumor that had positive lymph nodes, showed 27 normal 
cells 20 cells with loss of heterozygosity and 3 cells with loss of homozygosity while a primary 
tumor with negative lymph nodes snowed 47 normal cells, 3 cells with loss of heterozygosity and 
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no cells with loss of homozygosity. These results indicate the potential of the MADS as FISH 
probes in distinguishing the primary tumors that did and that did not develop metastasis. The 
tumorigenesis cum metastasis SCID mouse model was used successfully by transfecting MDA- 
MB-435 breast carcinoma cells with a metastasis suppressor (nm23) and a metastasis promoter 
(ErbB2) to determine genes associated with signal transduction pathways leading to the 
identification of drug targets to control breast metastasis. 

In spite of our sincere efforts, however, performing RDA experiments and characterizing MADS 
consumed most of our time. In addition, technical difficulties such as non-suitability of paraffin 
embedded archival tumor tissue samples for microdissection and of degraded DNA to use in 
RDA and PCR screening experiments, reduced the pace of our work. We therefore requested 
and obtained an extension of our project for a year from US Army BCRP to complete the 
ongoing experiments. 
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Lewis and Conry, Breast cancer. In: Cecil Textbook of Medicine, Pages: 1320-1325 (1992) 
Li et al. Science 275: 1943-1947 (1997) 
Lisitsyn et al. Science 259: 964-951 (1993) 
Mejia and Monaco. Genome Res 7:179-186 (1997) 
Scorilas et al. Anticancer Research 13:1895-1900 (1993) 
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ABSTRACT 

The cytokine hepatocyte growth ractor/scattcr factor (HGF/SF) pro- 
tects epithelial and cancer cells against DNA-damaging agents via a 
pathway Involving signaling from c-Mct ^ phosphatidylinositol-3- 
kinasc -» c-Akt. However, the downstream alterations in gene expression 
resulting from this pathway have not been established. On the basis of 
cDNA microarray and semiquantitative RT-PCR assays, we found that 
MDA-MB-453 human breast cancer cells prcincubatcd with HGF/SF and 
then exposed to Adriamycin (ADR), a DNA topoisomcrasc II inhibitor, 
exhibit an altered pattern of gene expression, as compared with cells 
treated with ADR only. [HGF/SF+ADRJ-trcatcd cells showed altered 
expression of genes involved in the DNA damage response, ceil cycle 
regulation, signal transduction, metabolism, and development. Some of 
these alterations suggest mechanisms by which HGF/SF may exert its 
protective activity, e.g., up-rcgulation or polycystic kidney discasc-1 (a 
survival-promoting component of cadhcrin-catcnin complexes), down- 
regulation of 5IC (an inositol polyphosphatc-5-phosphatasc), and down- 
regulation orTOPBPI (a topoisomcrasc IIB binding protein). We showed 
that enforced expression of the cdc42-intcracting protein CIP4, a cytoskcl- 
cton-associated protein for which expression was decreased in [HGF/ 
SF+ADRJ-trcatcd cells, inhibited HGF/SF-mcdiatcd protection against 
ADR. The cDNA microarray approach may open up new avenues for 
investigation or the DNA damage response and its regulation by HGF/SF. 

INTRODUCTION 

The cytokine HGF/SF3 is a pleiotrophic mediator of multiple bio- 
logical Junctions that plays significant roles in embryonic develop- 
ment, tissue and organ repair, tumorigenesis, and angiogenesis. 
HGF/SF has been found to protect various cell types against apoptosis 
induced by a variety of stimuli, including loss of contact with the 
substratum (1), exposure to staurosporine (a protein kinase inhibitor; 
Refs. 2,3), and DNA damage (4-7). We have reported previously that 
various epithelial and carcinoma cell lines are protected by HGF/SF 
against apoptotic cell deaths induced by DNA-damaging agents, in- 
cluding ionizing radiation, ultraviolet (UV-C) radiation, and ADR 
(also known as doxorubicin; Rcf. 5). ADR is a DNA intercalator and 
a DNA topoisoraerase Hot inhibitor that induces single- and double- 
strand DNA breaks similar to those induced by ionizing radiation. 

Interestingly, preincubation with HGF/SF also reduced the number 
of residual DNA strand breaks at 24 h after exposure to ADR or 
ionizing radiation, suggesting that HGF/SF may also enhance the rate 
of DNA repair (i.e., strand rejoining; Ref. 6). The increased DNA 
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repair and the cell protection against DNA damage appeared to be 
attributable to at least in part, to: (a) activation of a cell survival 
pathway involving P13K and c-Akt (protein kinase B); and (b) sub- 
sequent stabilization of the protein levels of the antiapoptotic mito- 
chondrial pore-forming protein Bcl-XL (5, 6). 

These studies have not revealed the downstream effector genes that 
mediate cytoprotection by HGF/SF. Cytoprotection by HGF/SF might 
involve nonnuclear events, such as inactivation of proapoptotic effec- 
tors (e.g., Bad and caspase-9) by c-Akt-mediated protein phosphoryl- 
ation events (8, 9). However, it might also involve prolonged patterns 
of altered gene expression induced by HGF/SF in the DNA-damaged 
cells. The latter possibility was suggested by the observation that 
maximal protection required a preincubation of cells with HGF/SF for 
at least 48 h before exposure to ADR (5). Shorter preincubation 
periods yielded less protection, and application of HGF/SF only at the 
time of ADR treatment and during the 72-h postincubation period 
gave no protection. 

To investigate the potential alterations of gene expression that 
might contribute to HGF/SF-mediated cell protection, we have used a 
cDNA microassay approach, using a previously studied model for 
HGF/SF protection (5). MDA-MB-453 human breast cancer cells 
were preincubated with HGF/SF, exposed to ADR, and then postin- 
cubated in ADR-free culture medium for 72 h to allow the repair 
processes to proceed. Alterations of mRNA expression were exam- 
ined in cells treated with [HGF/SF + ADR], in comparison with cells 
treated with ADR alone. 

MATERIALS AND METHODS 

Sources of Reagents and Vectors and Sources of Reagents and 
Antibodies. Rccombinant human two-chain HGF/SF was generously pro- 
vided by Dr. Ralph Schwall (Department of Endocrine Research, Genentech, 
Inc., South San Francisco, CA). ADR (doxorubicin hydrochloridc) and MTT 
dye (thioazyl blue) were purchased from Sigma Chemical Co. (St. Louis, MO). 
Expression vectors encoding full-length and truncated or deleted forms of 
human CIP4 have been described earlier (10). These CIP4 cDNAs were cloned 
into the pRK5-myc mammalian expression vector, which provides an NH2- 
terminal myc cpitopc tag. 

Cell Lines and Culture. MDA-MB-453 human breast cancer cells were 
obtained from the American Type Culture Collection (Rockville, MD). Cells 
were cultured in DMEM supplemented with FCS (5% v/v), noncssential amino 
acids (100 nw), L-glutaminc (5 nw), streptomycin (100 p.g/ml), and penicillin 
(100 units/ml; all from BioWhittakcr, Walkcrsvillc, MD). Cells were grown at 
37°C in a humidified atmosphere of 95% air and 5% C02. 

ADR Treatment. Subconflucnt proliferating cells in 100-mm plastic 
dishes or 96-well plates were preincubated in the absence or presence of 
HGF/SF (100 ng/ml X 48 h) in scrum-free DMEM and then sham-treated 
(control) or treated with ADR (10 ,xM X 2 h, at 37°C) in complete culture 
medium (DMEM plus 5% FCS). Cultures were then washed three times to 
remove the ADR and postincubatcd in fresh drug-free complete culture me- 
dium at 37°C for 72 h (again in the absence or presence of HGF/SF, respec- 
tively). Cultures were then harvested for isolation of total cell RNA and cDNA 
microarray or semiquantitative RT-PCR analyses. 

Transient Transfcctions. Subconflucnt proliferating cells were transfected 
overnight using Lipofcctamine (Life Tcclinologies, Inc., Rockville, MD; 10 /ig 
of plasmid DNA/100-mm dish) and then washed to remove the excess'vector 
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and Lipofectamine. As a control for transfection efficiency, cultures were 
cotransfected with 10 fig of a ß-galactosidase expression vector (pSV-ß-gal; 
Promega Corp., Madison, Wl) under parallel conditions; and ß-galactosidase 

was detected using a 5-bromo-4-chloro-3-indolyl-ß-D-galactopyranoside stain- 
ing kit (Gene Therapy Systems, Inc., San Diego, CA). 

MTT Cell Viability Assay. This assay is based on the ability of viable 
mitochondria to convert MTT, a soluble tetrazolium salt into an insoluble 
formazan precipitate, which is dissolved in dimethyl sulfoxidc and quantitated 
by specrrophotometry (11). To test the effect of CIP4 on HGF/SF-mediated 
cell protection, cells transiently transfected with CIP4 expression vectors (see 
above) were harvested using trypsin and seeded into 96-weII dishes (2000 
cell/well) in standard growth medium, incubated for 24-48 h to allow attach- 
ment and entry into the cell cycle, preincubated ± HGF/SF (100 ng/ 
ml X 48 h), treated with ADR (10 or 20 /AM X 2 h), postincubatcd for 72 h, 
and tested for MTT dye conversion. Cell viability was calculated as the amount 
of MTT dye conversion relative to sham-treated control cells. Ten replicate 
wells were tested for each experimental condition. Statistical comparisons 
were made using the two-tailed Student's / test. 

Isolation of RNA. After cell treatments ± ADR ± HGF/SF, the total 
cellular RNA was extracted using TRIzol Reagent (Life Technologies, Inc.), 
according to the manufacturer's instructions. The RNA was treated with 
DNase and precipitated using 95% ethanol prior to cDNA synthesis. Isolated 
RNA was electrophoresed through 1.0% agarose-formaldehyde gels to verify 
the quality of the RNA, and RNA concentrations were determined from 
absorbance measurements at 260 and 280 nm. 

cDNA Synthesis and Microarray Hybridization. One hundred fig of 
total cellular RNA was annealed to oligo(dT) and reverse-transcribed in the 
presence of Cy3-Iabeled or of Cy5-Iabeled dUTP (Amersham Pharmacia 

Biotech, Piscataway, NJ), using 10,000 units/ml of Superscript II reverse 
transcriptase (Life Technologies, Inc.). The resulting Cy3- and Cy5-labeled 
cDNAs were treated with RNase One (Promega) for 10 min at 37°C, com- 
bined, purified by using a Centricon-50 filtration spin column (Millipore, 
Bedford, MA), and concentrated to a final volume of 6.5 fil. The cDNA was 
then combined with 12.5 fil of hybridization solution and 1.0 fil of blocking 
solution to a final volume of 20 fil. The mixture was heated at 94°C for 2 min 
and centrifuged at 13,000 rpm for 10 min, and the supernatant was transferred 
to a clean tube and incubated at 50°C for 1 h. 

Hybridizations were performed on cDNA microarray glass slides prepared 
at the Albert Einstein College of Medicine microarray facility. Each slide 
contained 9216 unique human cDNA clones. The hybridization solution was 
placed on a pretreated microarray slide, covered with Hybri-slip, and then 
incubated in a hybridization chamber overnight at 50°C. After hybridization, 
the slide was washed at room temperature, first with 0.2 X SSC, 0.1% SDS for 
20 min with gently shaking, and then with 0.2 X SSC two times (20 min each 
time). The slide was dried by spinning at low speed in a centrifuge for 5 min. 

Scanning, Griding, and Analysis. The slides were scanned using a Mi- 
croarray Scanner 4000A (Axon Instruments) at the Albert Einstein College of 
Medicine Cancer Center microarray facility. The scanner output images were 
localized by overlaying a grid on the fluorescent images, using the ScanAlyze 
software by Michael Eisen, Stanford University.4 The fluorescent intensities 
were then calculated, using the program Copy of FUBAR! (the easy way out). 
The final reported intensity was the difference between average probe intensity 
and average local background intensity. Both final reported intensities (green 
and red) were filtered, and the spots with intensity <1.5 were eliminated. The 
ratios of the red intensity to the green intensity and green intensity to red 
intensity for all targets were determined. The cDNA microarray results com- 
paring cells treated with (HGF/SF+ADR) versus ADR alone are based on 
three completely independent experiments involving separate cell treatments, 
separate RNA isolations, and separate microarray assays. The microarray 
results comparing cells treated with HGF/SF alone vs 0 (control) arc based on 
two completely independent experiments. 

Semiquantitative RT-PCR Analysis. Aliquots of total cellular RNA (1.0 
fig) were subjected to first-strand cDNA synthesis using Superscript 11 reverse 
transcriptase (Life Technologies, Inc.), and the cDNA was diluted five times 
with water. One fil of the diluted cDNA was used for each PCR reaction. PCR 
amplifications were performed using a Perkin-Elmer DNA thermal cycler. The 

PCR primer sets used in this study arc shown in Table 1. The PCR reaction 
conditions were individually optimized for each gene product studied. For each 
gene product, the cycle number was adjusted so that the reactions fell within 
the linear range of product amplification. PCR reaction conditions and cycle 

numbers are shown in Table 2. The ß-actin and ß2-microglobulin genes were 
used as controls for loading. PCR products were analyzed by electrophoresis 
through 1.2% agarose gels containing 0.1 mg/ml of ethidium bromide, and the 
gels were photographed under ultraviolet illumination. The amplified cDNA 
product bands were quantitated by densitometry. 

IP and Western Blotting. Subconfluent proliferating cells were harvested, 
and wnole cell extracts were prepared, as described earlier (5). Each IP was 
carried out using 6 jig of antibody and 1000 jxg of total extract protein. 
Precipitated proteins were collected using protein G beads, washed, eluted in 
boiling Laemmli sample buffer, and subjected to Western blotting. The c-Met 
IP antibody was c-Met COOH-terminal antibody SP260 (Santa Cruz Biotech- 
nology, Santa Cruz, CA). The control IP antibody was an equivalent quantity 
(6 fig) of normal mouse lgG (Santa Cruz Biotechnology). 

Western blotting was performed as described earlier (5). The immunopre- 
cipitated proteins or equal aliquots of total cell protein (50 fig/lane) were 
electrophoresed, transferred, and blotted using the appropriate primary anti- 
body. The primary antibodies were: (a) anti-c-Met antibody H-I90 (sc-8307, 
rabbit polyclonal IgG; Santa Cruz Biotechnology; 1:500 dilution); (6) anti- 
phosphoryrosine antibody (Ab-4, mouse monoclonal; Calbiochem/Oncogene 
Research Products; 1:500 dilution); and (c) an anti-myc mouse monoclonal 
antibody (Invitrogen, Carlsbad, CA) at a 1:1500 dilution, to detect the myc 
epitope tagged wild-type and mutant CIP4 proteins. 

RESULTS 

cDNA Microarray Analyses. The purpose of this study was to 

identify candidate genes, the expression of which is altered by 

HGF/SF in the setting of DNA damage, that might contribute to the 
HGF/SF-mediated protection against ADR. ADR is a DNA topoi- 

somerase 11a inhibitor that induces single- and double-stranded DNA 

breakage. The basic experimental protocol is described in "Materials 

and Methods" and is summarized in the diagram shown below: 

MDA-MB-453 cells- 
(Subconfluent, Proliferating) 

t HGF/SF(l00ng/ml) 
 y. 

Pre-!ncubatex4Rh 
ADR   ■ 

(i0j»vX2h) Po.lincub«lc X 72 h 

cDNA microarray analysis: 

[HGF/SF + ADR] versus ADR 

4 Internet address: ciscn@gcnomc.stanford.edu, 1998-1999. 

This design was chosen for several reasons. The main comparison 

was between [HGF/SF+ADR] ver.vu.s- ADR alone to identify genes 

for which expression was altered by HGF/SF during the response to 

DNA damage, because it is likely that some of these alterations may 

contribute to HGF/SF-mediated cell protection. However, a compar- 
ison of cells treated with HGF/SF versus CONTROL (sham treatment 
only) was also made. A postincubation period of T = 72 h after 

removal of ADR was used to examine well-established alterations in 

gene expression rather than transient changes occurring immediately 

after DNA damage. Furthermore, alterations in mRNA levels ob- 

served at T = 72 h are more likely to reflect changes in protein protein 
levels, because the mRNA alterations are of a prolonged duration. 

Previous studies indicate that the ability of HGF/SF to protect cells 

against DNA-damaging agents is attributable to a c-Met receptor- 

mediated signaling pathway leading to the activation of a c-Akt- 

dependent survival pathway (6, 7). The HGF/SF-mediated cell pro- 
tection was blocked by two fragments of the HGF/SF protein 

(designated NK1 and NK2) that bind strongly to the c-Met receptor, 

fail to fully activate c-Met signal transduction, and function as com- 

petitive antagonists of the full-length HGF/SF protein (5). Here, we 

show by IP-Western blotting that exposure of MDA-MB-453 cells to 

HGF/SF (100 ng/ml X 20 min) causes a large increase in the degree 
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Table 1 Primers used for semiquantitative RT-PCR analyses 

Gene name 

ATM (alaxia telangiectasia mutated) 

Polycystic kidney disease-1 (PKD-1) 

Lysyl hydroxylase (LH) 

Lactate dehydrogenase type A (LDH-A) 

Ul snRNPIO 

Vascular endolhelial growth factor (VEGF) 

Phosphoglycerate kinase I (PGK-l) 

C-Myc 

Cdc42-interacting protein (CIP-4) 

S100A9 (calgrahulin 8) 

TNF-inducible gene product B94 

SIC (inositol-S'-polyphosphate phosphatase like-1, 

SIC (inosital-5'-polyphosphatephosphata.se like-1, 

Topoisomerase binding protein-1 (TOPBPI) 

Protein Ser/Thr kinase STK2 

Protein tyrosine phosphatase (PTPN2) 

Human Gu protein 

ß-Actin 

ß2-Microglobulin 

Primer Sequences (5' -* 3') 

INPPLI) Primer Set ttl 

INPPL1) Primer Set #2 

Gcncbank 
accession no. 

Position in 
cDNA sequence 

Sense: ctcagatggtcagaagtgtlgaggo NM_000051 8030-8757 
Antiscnsc: tacactgcgcgtataagccaatcgc 
Sense: ctcctalcttgtgacagtcaccgcg NM_000296 4528-5211 
Antiscnse: gtccagctgtaggagacgttggtgc 
Sense: cgtcgatccclaattggccaggcc L06419 2372-2986 
Antiscnsc: aagatcgagctgtgcacagatgcc 
Sense: tagttctgccacctctgacgcacc X02152.1 1330-1628 
Antiscnse: tataacacttggatagttggttgc 
Sense: cgcagatggcaagaagattgatggc NM_003089 1700-2096 
Antiscnsc: actccggctgcttcgccgcttccgg 
Sense: atgtctatcagcgcagctactgcc XM_004512 150-548 
Antiscnsc: caagctgcctcgccttgcaacgcg 
Sense: ggtagtccttatgagccacctaggc XM_010102 250-1011 
Antiscnsc: cagccagcaggtatgccagaagcc 
Sense: cacatcagcacaactacgcagcgc K02276 1331-1847 
Antisensc: gactcagccaaggttgtgaggttgc 
Sense: caagacatggatgaacgcagg AJ000414 688-1550 
Antiscnse: gagatagtgccctcgctgg 
Sense: aggagttcatcatgctgatggcg NM_002965 275-479 
Antiscnse: tggcctggcctcctgattagtgg 
Sense: gagtgcagtggcctggtcatggc M92357 3306-3944 
Antisensc: tcctgactcagcactgcagaggc 
Sense: cttccttcgattcagtgaggagg L36818 2062-2804 
Antisensc: ccttatcaatgctgatccactcg 
Sense: tcagggcagtatctctctgcc Y14385 4077-4522 
Antiscnse: accccaataatattaaggtgc 
Sense; cgacctagagtacactaatcgc NM_007027 4630-5123 
Antiscnsc: gcttcctcattaaaccttgtgc 
Sense: caacttacagtgtgaaagctcgcc NM_003157 2646-3144 
Antisensc: cttaaggttattaacaatagcagg 
Sense: ctaaggaagacttatctcctgcc NM_002828 938-1359 
Antisense: tgtagcactgtcagttactagtg 
Sense: acaggcagagctggaaggac U41387 1636-2123 
Antiscnsc: actgatgcggtaggtacatc 
Sense: tagcggggttcacccacactglgccccatcta XM_004814 541-1201 
Antiscnsc: ctagaagcatttgcggtggaccgatggaggg 
Sense: ctcgcgctactctctctttc XM_007650 41-176 
Antisense: tgtcggatggatgaaaccag  

Expected size 
of product(bp) 

728 

684 

615 

299 

397 

399 

762 

517 

863 

205 

639 

743 

446 

494 

499 

422 

488 

661 

136 

of activation (tyrosine phosphorylation) of c-Met (Fig. \A). These 
findings support the role of the c-Met receptor in HGF/SF-mediated 
cell protection. 

An illustration of cDNA raicroarrays comparing gene expression in 
cells treated with [HGF/SF+ADR] versus ADR alone and in cells 
treated with HGF/SF versus 0 (control) is provided in Fig. IB. Gene 
products whose expression was consistently increased in [HGF/ 
SF+ADR]-treated cells, relative to cells treated with ADR alone, by 
an average ratio of >1.7 in at least two of three completely independ- 
ent experiments (i.e., separate cell treatments, RNA isolations, and 
microarray hybridizations) are listed in Table 3. Those gene products 
for which expression was consistently decreased in cells treated with 
[HGF/SF+ADR] relative to ADR alone (ratio <0.7 in at least two of 
three completely independent experiments) are listed in Table 4. The 
ratio values shown in these tables represent the mean ± range (n = 2) 
or mean ± SD (n = 3). Some of the cDNA sequences contained on 
the microarray slides corresponded to expressed sequence tags for 
which the full-length sequence is not available in public domain 
databases. Alterations in the expression of cDNAs corresponding to 
these cDNAs, for which there is little or no information available on 
the structure-function of the putative gene product, are not included in 
Tables 3 and 4. 

Although the HGF/SF-induced alterations in gene expression in the 
setting of DNA damage were not usually very large (1.7-4.0-fold 
increases and 0.41-0.67-fold decreases), these changes were repro- 
ducible. Elevated raRNA levels in the [HGF/SF+ADR] group (rela- 
tive to ADR alone) were observed for various different functional 
classes of genes, including genes involved in the DNA damage 
response (e.g., ATM and FEN1), cell cycle regulation {e.g., Hs-cul-3 
and HsGAK), signal transduction (e.g., RHO B and CSBPI), protein/ 

RNA synthesis and metabolism (e.g., e!F3, Ul, and snKNP70), develop- 
ment and cellular differentiation (e.g., PKD1 and IRX-2a), general cel- 
lular metabolism (e.g., LDH-A and PGK.1), and other functional 
categories (see Table 3). The abbreviations for these gene products are 
defined, and their functions (or putative functions) are shown in Table 3. 

Genes for which the mRNA levels were reproducibly decreased in 
[HGF/SF+ADR]-trcated cells (relative to ADR alone) included those 
in similar functional classes: including DNA damage response (e.g., 
TOPBPI), cell cycle regulation (e.g., c-Myc and CIP-4), signal trans- 

Tablc 2 PCR reaction conditions for semiquantitalive RT-PCR assays 

Gene name PCR cycle parameters 
No. of 
cycles 

ATM 
PKD-1 
Lysyl hydroxylase 
LDH-A 
Ul snRNP70 
VEGF 
Phosphoglycerate kinase-1 

(PGK-l) 
C-Myc 
CIP-4 
S100A9 
B94 
SIC PNPPL1J Primer Set HI 

(743-bp) 
SIC PNPPL1] Primer Set H2 

(446-bp) 
TOPBPI 
STK2 
PTPN2 
Human Gu protein 
ß-Actin 
p\-Microglobulin 

94°C (1 min); 65°C (1 min); 72"C (1 min) 31 
94°C (1 min); 72°C (2 min) 28 
94°C (1 min); 60°C (1 min); 72°C (1 min) 28 
94°C (30 sec); 57°C (30 sec); 72°C (1 min) 25 
94°C (1 min); OT (1 min); 72°C (1 min) 30 
94°C (1 min); 57°C (1 min); 72°C (1 min) 28 
94°C (1 min); 60°C (1 min); 72<>C (1 min) 25 

94°C (1 min); 57°C (1 min); 72"C (1 min) 25 
94-C (1 min); 59°C (1 mm); 72°C (1 min) 35 
94°C (1 min); 65°C (1 min); 72°C (1 min) 31 
94°C (1 min); 65°C (1 min); 72"C (1 min) 31 
94°C (30 sec); 56°C (30 see); 72°C (1 min) 33 

94°C (30 sec); 56°C (30 sec); 72°C (1 min) 30 

94°C (30 sec); 56°C (30 sec); 72°C (1 min) 30 
94»C (30 sec); 56°C (30 sec); 72°C (1 min) 33 
94°C (30 sec); 56°C (30 sec); 72°C (1 min) 33 
94°C (30 sec); 55°C (30 sec); 72»C (1 min) 30 
94°C (30 sec); 56°C (30 sec); 72°C (1 min) 23 
94°C (1 min); 54°C (1 min); 72°C (1 min) 28 

8024 



ALTERED CENE EXPRESSION IN SF-TREATED CELLS 

To
ta

l 
Ly

sa
te

 

N
or

m
al
 M

ou
se

 Ig
G

 

' 
lc

-M
et

 IP
 

SF (10C 

mm   «**., c-Met 
(110 kDa) 

wm?mmi pTyr 
(140 kOa) 

Fig. 1. HGF/SF activates c-Mct and causes altered gene expression during DNA 
damage. A, HGF/SF causes activation (tyrosine phosphorylation) of the c-Met receptor. 
Subconfluent proliferating MDA-MB-453 cells were exposed to recombinant human 
HGF/SF (100 ng/ml X 20 min) and harvested for IP-Westem blotting. Cells were 
immunoprecipitated using an anti-c-Met antibody or ihe same amount of normal IgG, as 
a negative control. IPs were then Western blotted using antibodies against c-Mct and 
against phosphotyros'me residues. The basal level of phosphotyrosylatcd c-Mct was low 
but was increased significantly by treatment with HGF/SF. No c-Mct or phosphotyrosy- 
lated proteins were detected in the control (normal IgG) IP. B, illustration of cDNA 
microarray grids comparing gene expression in MDA-MB-453 cells treated with [(HGF/ 
SF+ADR) venus ADR alone] (lop panels) or wilh [HGF/SF versus 0 (control)] (bottom 
panels). Cells were treated as described in the text. The panels on Ihe right show 
magnified views corresponding to ihe boxed regions of the array on the left. cDNAs 
isolated from cells treated wilh [HGF/SF+ADR] or HGF/SF were labeled with Cy5 (red 
dye), whereas cDNAs from cells treated with ADR alone or 0 were labeled with Cy3 
(green dye). Spots showing red (or green) fluorescence correspond to genes overex- 
pressed (underexpressed) in cells treated with [HGF/SF+ADR] relative to ADR alone and 
with HGF/SF relative to 0. Yellow spots correspond to genes equally expressed under the 
conditions being compared, whereas Ihe absence of fluorescence indicates genes under 
either experimental condition. Note that alterations in gene expression, indicated by red or 
green spots, are more prominent in Ihe comparison of [(HGF/SF+ADR) versus ADR1 
than [HGF/SF versus 0). 

duction (e.g., 5/Cand STK2), and protein and RNA metabolism (e.g., 
human Gu protein). Few or no gene products for which expression 
was reduced were observed in several functional classes, including 
development and differentiation, transcriptional regulation, and gen- 
eral cellular metabolism. However, in interpreting the significance of 
the lack of genes whose expression was decreased in certain func- 
tional classes, it should be noted that: (a) the number of genes 
included in each functional class is influenced by the ratio cutoffs, 
which is arbitrary; (b) fewer genes showed decreased than increased 
expression, based on the ratio criteria chosen; and (c) the inclusion of 

genes in the different functional categories was somewhat arbitrary, 
because some genes could be included in more than one category. 

Table 5 shows a cDNA microarray comparison of gene expression 
in MDA-MB-453 cells treated with HGF/SF relative to untreated 
control cells. These data indicate that the number of genes whose 
expression is reproducibly altered and the magnitude of the alterations 
are relatively small when the experiment is performed in the absence 
of treatment with ADR. However, it was noted that SIC (1NPPL1), 
which was decreased in [HGF/SF+ADR]-treated cells relative to 
ADR alone, was also decreased in HGF/SF-trcated cells relative to 
control. 

RT-PCR Assays. Because false-positive results are commonly 
observed in cDNA microarray analyses, we sought to confirm some of 
the gene expression alterations shown in Tables 3 and 4, via semi- 
quantitative RT-PCR assays, using techniques described before by us 
(12, 13). The PCR primers and reaction conditions are provided in 
Tables 1 and 2, respectively. For each PCR assay, the reaction 
conditions and cycle numbers were individually optimized and ad- 
justed so that the reaction fell within the linear range of product 
amplification. ß-Actin and ß2-microglobulin, two genes whose ex- 
pression was not altered, were used as controls for loading. The levels 
of amplified PCR products were quantitated by densitometry and 
expressed relative to ß-actin. Figs. 2 and 3 show semiquantitative 
RT-PCR results for genes whose expression was either increased (Fig. 
2) or decreased (Fig. 3) in cells treated with [HGF/SF+ADR] relative 
to ADR alone. 

In general, qualitative agreement between the cDNA microarray 
and RT-PCR results was quite good, although there were differences 
in the quantitative extent of the gene expression alterations between 
the two assay methodologies. Figs. 2 and 3 show 16 different genes 
for which expression was either increased (n = 7) or decreased 
(n = 9) in [HGF/SF+ADR]-treated cells by both cDNA microarray 
and semiquantitative RT-PCR analyses. Genes confirmed to be in- 
creased in the [HGF/SF+ADR] group included: ATM (ataxia-telan- 
giectasia mutated), PKD1 {polycystic kidney disease-1), Iyxyl hydrox- 
ylase, LDH-A (lactate dehydrogenase-A), Ul snRNP70 (Ul small 
nuclear riboprotein, MT 70,000), VEGF {vascular endothelial growth 
factor), and PGK1 (phosphoglycerate ldnase). Genes confirmed to be 
decreased in the [HGF/SF+ADR] group included: c-Myc, CIP4 
(cdc42-interacting protein-4), S100A9 (calgranulin), B94 (a TNF- 
inducible gene product), 51C (an inositol polyphosphate-5-phospha- 
tase, also known as INPPL1 and SHIP-2), TOPBP1 (a DNA topoi- 
somerase IIB binding protein), STK2 (a serine/threonine protein 
kinase), PTPN2 (a protein tyrosine phosphatase), and Gu protein (an 
RNA helicase). 

Some of these alterations, although novel and not otherwise pre- 
dictable, make sense within the context of explaining how HGF/SF 
may protect DNA-damagcd cells, as will be considered in depth in the 
"Discussion." The down-regulation of 57Cin [HGF/SF+ADR]-treat- 
ed cells was of particular interest because: (a) a decrease in 51C 
mRNA levels was also noted in cells treated with HGF/SF alone 
(related to sham-treated control cells); and (b) SIC is a lipid phos- 
phatase, analogous to PTEN, except that 51C removes the 5-phos- 
phale whereas PTEN removes the 3-phosphate (14). Thus, 5IC, sim- 
ilar to PTEN (15), might be expected to inhibit c-Akt activation (see 
"Discussion"). Thus, we also examined SIC expression levels by 
semiquantitative RT-PCR using a completely different set of primers. 
Similar results were obtained for SIC using both sets of PCR primers 
(see Fig. 3). 

Finally, it is noted that the RT-PCR assays provide additional 
information not obtained in the microarray comparisons. The RT-PCR 
assays allow comparisons of gene expression in cells treated with 
ADR, relative to control, a comparison not made by cDNA microarray 
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Table 3 Genes whose expression is increased in [HGF/SF+ADR]-treated cells relative to ADR alone 

DNA damage response 
>17M(ataxia-telangiectasia mutated) 
FEN1 

Cell cycle regulation 
CENP-F kinetochore 
Hs-cul-3 
HsCAK 
NuMu gene (clone T33) 
Cell growth regulator CGR19 
Cyclin G2 

Signal transduction-related 
RHO B transforming protein 
Duul specificity tyr phosphorylat. regulated kinase 
CSaids binding protein-1 [CSBP1] 
Protein phosphatase PPP2R2A [PR53] 
RAB5A 

Protein and RNA metabolism 
Lysyl hydroxylase [LH1. aho known as PLOD] 
elF3 
VI snRNPJO (small nuclear ribonucleoprolein) 
SAP49 
Cellular and nucleic acid binding protein 
SNC19 
ß-COP 

Cylokine and cytokine-induced 
Vascular endothelial growth factor (VEGF) 
VEGF-related protein [VRP] 
Interferon-induced Mt 17,000 protein 

Development and differentiation 
Keratin 17 
B4-2 protein 
Keratin 19 
Iroquois class homeodomain protein IRX-2a 
Polycystic kidney disease-1 [PKD1] 
Cuncellous bone osteoblast 
SM22a homologue [TAGLN2] 

Transcrlptional regulation 
RJP140 
hkf-1 
DGS-I 

General cellular metabolism 
Lactate dehydrogenase-A ßDH-A] 
Phosphoglycerate kinase [PGK1J 
Hexohnase-l 
Glucosylceramidase precursor 
Phosphoglycerate mutase 1 (PGAM1J 

Cytoskeletal und structural proteins 
Ezrin-rudixin-moesin phosphoprotem SO ßBPSOJ 
pl6-Arc [ARC16] 

Miscellaneous and unknown function 
XAP-S 
OriP binding protein [OBP1] 
JTV-1 
MAC30 (3' end) 
Sm-like (CuSm) 

Function Ratio 

DNA damage signaling, nuclear PI-3-kinase domain protein 
Flap endonuclease-1, implicated in base excision repair pathway 

Microtubule motor protein, component of centromere 
Homology to cullin/cdc53 family, ? role in cell proliferation control 
Unibquitoasly expressed perinuclear cyclin O-associated kinase 
Nuclear mitotic protein, mitotic centromere function 
Ring finger gene induced by p53 
May mediate proteolysis of Gl family cyclins 

Endosomal Rho protein, roles in receptor trafficking and apoptosis 
Homolog of Drosophila kinase midbrain, ? role in brain development 
Also known as p38, homolog of yeast Hogl MAPK, stress response signaling 
Mr 53,000 regulatory subunit of Ser/Thr protein phosphatase 2A 
ras-related small GTPase, regulator of vesicle trafficking 

Collagen modification, defective in Ehlers-Danlos syndrome VI 
Eukaryotic translation initiation factor 
Associated with RNA processing and ubiquitination 
Spliceosomal associated protein, RNA processing 

Putative novel human serine protease mapping to chr. llq24-25 
Golgi transport protein, component of COTI complex 

Stimulates endothelial cell proliferation and angiogenesis 
FLT4 ligand, VEGF family protein 
Precursor of 15 kDa protein homologous to ubiquitin 

Soft epithelial keratin 9 (e.g., hair follicle) 
Proline-rkh natural killer cell protein 
Intermediate filament protein 
Transcription factor involved in embryonic patterning, regionalization 
Component of cadherin-catenin complex, endothelial survival 
mRNA expressed in osteoblasts, function unknown 
Marker of differentiated smooth muscle (SM)-like cells 

Nuclear receptor-interacting protein, Iranscriptional coactivator 
Novel zinc finger protein isolated from a brain cDNA library 
DiGeorge (velocardiofacial) syndrome candidate gene 

Enzyme involved in anaerobic glycolysis 
Glycolytic enzyme, induced by hypoxia-inducible factor HIF-1 
Early glucose metabolic enzyme 
Degradation of GlcCer, mutated in Gaucher's disease 
Late glycolytic pathway enzyme 

PDZ phosphoprotein, linkage of cell membrane to cytoskeleton 
Arp 2/3 complex subunit, control of actin polymerization 

Unknown function 
Binds to Epstein Barr virus replication origin 
Gene overlapping PMS2, function unknown 
Meningioma expressed protein 
Cancer-associated Sm motif-like domain protein 

2.9 ± 0.0 
2.1 ± 0.04 

2.7 ± 0.3 
2.4 ± 0.15 
2.3 ± 0.4 
2.1 £ 0.04 
2.0 ± 0.2 
1.9 i 0.2 

4.0 * 1.7 
2.1 ± 0.2 
2.1 ±0.15 
I.« ± 0.2 
1.6 ± 0.1 

2.4 ± 0.7 
2.2 ± 0.3 
2.1 ± 0.3 
2.1 ± 0.5 
2.0 ± 0.3 
1.9 ±0.2 
1.8 ± 0.02 

2.8 ± 0.9 
2.1 ± 0.4 
1.8 ± 0.2 

3.8 + 1.5 
2.6 ± 0.8 
2.5 ± 0.7 
2.3 ± 0.4 
2.0 ± 0.4 
2.0 ±0.1 
1.7 ± 0.2 

2.1 * 0.1 
2.1 ± 0.0 
2.0 + 0.45 

4.1 ± 1.0 
4.0 ± 1.4 
2.2 ± 0.3 
2.0 ± 0.4 
1.7 ± 0.25 

3.8 ± 1.0 
1.8 ± 0.1 

3.1 ± 0.7 
2.1 ± 0.2 
1.9 ± 0.2 
1.9 ± 0.2 
1.7 ± 0.2 

analysis. Thus, in Fig. 2, it was observed that in most cases, the main 
effect of HGF/SF was not to alter gene expression by itself but to 
block the ADR-induced reduction of mRNA levels that were observed 
in the absence of HGF/SF. In Fig. 3, with the exception of 51C and 
PTPN2, HGF/SF by itself did not significantly alter gene expression; 
but its main effect was to block the ADR-induced up-regulation of 
mRNA levels. However in some cases, the mRNA levels in [HGF/ 
SF+ADR]-treated cells were reduced to below control levels (e <» 
C1P4 and TOPBP1). 

Role of CIP4 in HGF/SF-mediatcd Protection against ADR. 
The cdc42-interacting protein-4 (CIP4) was originally identified as a 
protein that binds to the activated form of cdc42, a Rho-like small 
GTPase, and was subsequently found to bind to the Wiskott-AIdrich 
syndrome protein (WASP) through its COOH terminus and to micro- 
tubules through its NH2 terminus (Refs. 10,16; illustrated in Fig. 4A). 
Although CIP4 is not known to be involved in cell survival or 
apoptosis pathways, the finding that CIP4 mRNA expression is up- 
regulated by ADR and that HGF/SF blocks the ADR-induced up- 
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regulation of CIP4 raises this possibility. To determine whether CIP4 
could modulate the survival of MDA-MB-453 cells in response to of 
ADR or HGF/SF, MDA-MB-453 cells were transfected with expres- 
sion vectors encoding wild-type (wt) or mutant (truncated or deleted) 
forms of CIP4 containing an NH2-terminal myc epitope tage and then 
assayed for their survival response. The MTT assay, which measures 
cytotoxicity as the loss of mitochondrial function (i.e., the ability to 
reduce a tetrazolium dye to formazan) was used to quantitate cell 
viability (11). Expression of these proteins was confirmed by Western 
blotting of transfected cells using an anti-myc antibody (see Fig. 45). 

Cells transfected with wild-type CIP4 (wtCIP4) showed an in- 
creased sensitivity to ADR, as well as a significantly decreased degree 
of cytoprotection by HGF/SF (Fig. 4Q, consistent with a role as a 
modulator of DNA damage or apoptosis response pathways. In the 
absence of HGF/SF, the decrease in cell survival (viability) in wt- 
CIP4-transfected cells (relative to the empty vector transfected con- 
trol) treated with ADR alone was greater at 10 /AM ADR (-28%; 
P < 0.001, two-tailed t test) than at 20 /AM ADR (-10%; P < 0.05', 
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Table 4 Genes whose egression is decreased in [HGF/SF+ADRJ-trealed cells, relative lo ADR alone 

Gene name 

DNA damage response 
P glycoprolein 3/MDR3 [PGY3] 
Topoisomerase binding prolein-I [TOPBPl] 

Cell cycle regulation 
c-Myc 
CD?4 (cdcl2-interucting protein) 
ras inhibitor (3' end) 

Signal transduction-related 
M, 180,000 Iransmembrane PLA2 receptor 
Protein tyrosine phosphatase PTPN2 
Proto-oncogene c-mer [MERTK] 
Protein serine/threonine kinase STK2 
SIC (1NPPL1] 

Apoptosis-related 
CD40L receptor 

Protein and SNA metabolism 
Human Gu protein 
Cathepsin K precursor 

Cytdkine and cytoldne-induced 
B94 
Tazarotene-induced gene 2 [TIG2] 
IGF-1 (somalomedin-C) 
FGF-7 (fihrohlast growth factor-7) 

Development and differentiation 
None 

Transcriplional regulation 
None 

General cellular metabolism 
None 

Cytuskelelal and structural proteins 
S100A9 (culgranulin B) 
Human triadin 
Vascular cell adhesion molecule VCAM1 
Ankyrin G 

Miscellaneous and unknown function 
hORC2L (origin recognition complex) 
CHD2 
Rip-1 (Rev-interacting protein) 

Function Ratio 

Homologue of multidrug resistance protein MDR-1, drug transport 
BRCT domain protein, binds DNA topoisomerase ÜB 

Proto-oncogene, functions in growth, differentiation, apoptosis 
Interacts with Wiskott-Aldrich protein, localized in cytoskcleton 
Effector or regulator of H-Ras activity 

Receptor for secretory phospholipases A2, internalizes PLA2 
Also known as PT PTP (T cell protein tyrosine phosphatase) 
Member of Axl subfamily of receptor tyrosine kinases 
Homologue of cell cycle regulatory kinase NIMA 
Inositol polyphosphate-5'-phosphatase-like (also known as SHIP-2) 

Receptor for CD154, member of TNF death receptor family 

RNA helicase, member of DEXD box family, target of adriamycin 
Lysosomal acid cysteine protease, mediates proteolysis of bone 

TNF-induced gene product, unknown function 
Novel retinoid-responsive gene, deficient in psoriatic skin 
Insulin-like growth factor-1 
Also known as keratinocyte growth factor, epithelial-specific growth factor 

Secretory protein, ? roles in inflammation, cicosanoid metabolism 
Integral membrane protein, binds calsequestrin 
Ig superfamily, interacts with ot-4 integrins, cell trafficking 
Axon nodal protein involved in assembly of specialized structures 

Putative replication initiation protein 
Chromodomain helicase DNA-binding protein 2 
Interacts with HIV Rev protein, ? function 

0.51+0.07 
0.61 ± 0.05 

0.41 ± 0.04 
0.42 ± 0.08 
0.60 ± 0.07 

0.51 + 0.05 
0.57 + 0.17 
0.57 + 0.10 
0.60 ♦ 0.05 
0.61 ± 0.10 

0.57 * 0.08 

0.46 ± 0.01 
0.49 ± 0.10 

0.56 ± 0.07 
0.57 i 0.02 
0.58 ± 0.02 
0.59 * 0.07 

0.42 ± 0.25 
0.58 ± 0.16 
0.58 ± 0.07 
0.59 ± 0.13 

0.58 ± 0.05 
0.60 ± 0.13 
0.67 * 0.01 

two-tailed / test). This finding might reflect a greater degree of 
up-regulation of endogenous CIP4 expression at the higher dose of 
ADR, so that the transfected wtCIP4 has a smaller effect. For cells 
treated with HGF/SF, at both 10 and 20 IIM ADR, the survival of the 
wtCIP4-transfected cells was significantly lower than the empty 
vector-transfected cells (P < 0.001). 

The quantitative degrees of cell protection by HGF/SF were calcu- 
lated based on the following equation, where (S/S„) = cell viability 
relative to control: 

Protection by HGF/SF (%) = {[(.SW?0)+HGF/SF+ADR 

- (■S'/50)OHGF/SF+ADR]/[('S'/'S'1))OHGF/SF,OADR 
- (S/So)0 HGF/SF+ADR]} * 100 

The % protection values at doses of 10 and 20 /IM ADR were 
averaged and plotted in the bottom panel of Fig. 4C. On the basis of 
these calculations, transfection of wtCIP4 reduced the HGF/SF- 

mediated cell protection from ~85 to 40%. On the other hand, there 
was no effect of wtCIP4 on cell viability in the absence of ADR 
(100% of control). 

Expression vectors encoding mutant forms of CIP4 included a 
deletion of the microtubule binding domain (CIP4 118-545), a dele- 
tion missing the cdc42 binding region (CIP4 A 383-481) and a 
deletion of the COOH-terminal WASP binding domain (Fig. 4A). In 
general, these deletion mutants had little or no effect on the degree of 
HGF/SF-mediated cell protection, nor did they affect cell viability in 
the absence of ADR (Fig. AC). However, cells transfected with the 
mutant CIP4 cDNAs did show an increase in cell viability (by es 15- 
20%) at 20 /AM ADR in the absence of HGF/SF. This finding may be 
attributable to their function as dominant inhibitors of the endogenous 
wild-type CIP4, although that conclusion cannot be made from this 
experiment alone. 

Similar findings were obtained using another cell type that is also 

Table 5 Genes whose expression is altered in HGF/SF-treated cells, relative to untreated control cells 

Gene name 

Gene products increased in HGF/SF-treated cells 
Interleukin-8 (IL-8) 
(Clone chl3 lambda 7) a-tubulin 
Cyctochrome c oxldase Vile submit [COX7C] 
Tubulin ß-1 chain 

Gene products decreased in HGF/SF-treated cells 
SIC PNPPL1] 
il-TMP (intestine/liver telraspan protein) 
Integrin a-8 submit. 3' end 
Topoisomerase I1B [TOP2B] 
Corticotrophin releasing factor receptor precursor 
Osteoblasl mRNA for ostenidogen 
Janus kinase 1 [JAKl] 
MutS homologue 3 [MSH3] 

Function 

Proinflammatory & angiogenic cytokinc, neutrophil chemotaxis 
Microtubule protein 
Subunit of COX holocnzymc, mitochondria] energy production 
Microtubule protein 

Inositol polyphosphate-S'-phosphatase-like (aka. SHIP-2) 
Integral membrane protein, density-dependent growth regulation 
Integrin expressed in developing brain and mcsangial cells 
Nuclear enzyme involved in DNA replication and transcription 
Mediates release of corticotrophin (ACTH) 
Basement membrane component, entactin/nidogen family 
Mediates tyrosine phosphorylation of STAT1 
DNA mismatch repair enzyme 

Ratio 

1.6 * 0.01 
1.6 + 0.02 
1.5 ± 0.01 
1.5 ± 0.01 

0.43 ± 0.0 
0.57 ± 0.13 
0.58 ± 0.02 
0.65 i 0.01 
0.69 ± 0.01 
0.69 ± 0.05 
0.70 ± 0.01 
0.72 i 0.01 
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Fig. 2. Semiquantitative RT-PCR analyses of genes for which expression was in- 
creased in MDA-MB-453 cells treated with [HGF/SF+ADR] relative to ADR alone. 
Subconfluent proliferating cells were preincubated ± HGF/SF (100 ng/ml X 48 h), 
treated ± ADR (10 /IM X 2 h), washed three limes to remove the ADR, and postincubated 
for 72 h in fresh drug-free medium, as described in the text. RNA was collected, and 
RT-PCR assays were performed (see "Materials and Methods" and Tables 1 and 2 for 
methodological details). (3-Actin and /?rmicroglobulin were used as controls for loading. 
The amplified PCR products were quamitated by densitometry and expressed relative to 
ß-actin, as a percentage of the control (0 HGF/SF, 0 ADR). 

protected against ADR-induced DNA damage by preincubation with 
HGF/SF, DU-145 human prostate cancer cells (6). Thus, wtCIP4, but 
not the mutant or truncated forms of CLP4, blocked the HGF/SF- 
mediated protection against ADR (data not shown). These findings are 
consistent with a role for C1P4 as a regulator or modulator of cell 
survival in the setting of DNA damage. 

DISCUSSION 

These studies revealed an interesting pattern of up-regulation and 
down-regulation of genes in MDA-MB-453 cells treated with [HGF/ 
SF+ADR], as compared with ADR alone. Admittedly, some of these 
gene products may be altered simply because of the higher proportion 
of surviving cells in the [HGF/SF+ADR]-trcated group relative to the 
ADR-treated group. Gene products of this type might include lactate 
dehydrogenase [LDH-A] and phosphoglyccrate kinasc [PGKI], which 
were increased in [HGF/SF+ADR]-treated cells. However, the com- 
plexity of the findings, including many genes that were either in- 
creased or decreased in ADR-treated cells, suggest a more selective 
pattern of altered gene regulation. 

We have reported previously that in addition to protecting cells 

against cytotoxicity and apoptosis induced by DNA damage, HGF/SF 
enhanced the ability of carcinoma cells, including MDA-MB-453 
cells, to repair DNA strand breaks induced by ADR or X-rays (6). The 
observation that cells treated with [HGF/SF+ADR] show altered 
expression of certain gene products involved in DNA damage re- 
sponse pathways is consistent with that prior finding. For example, 
ATM (ataxia-tetangectasia mutated), a nuclear protein kinase in- 
volved in DNA damage signaling (17), and FEN1 {flap endonuclease- 
1), an enzyme implicated in the base excision repair pathway (18), 
were up-regulated in [HGF/SF+ADR]-treated cells. A mutation or 
deletion of the ATM gene leads to a defect in the repair of double- 
strand DNA breaks and increased sensitivity to ionizing radiation. 

We also found that ADR caused the down-regulation of the PKDI 
(polycystic kidney disease-1) gene product, and HGF/SF blocked the 
ADR-induced down-regulation of PKDI expression. PKDI has been 
identified as a developmental^ regulated gene, the absence of which 
is linked to type I autosomal dominant polycystic kidney disease (19). 
The function of this gene is not well understood, but PKDI was found 
to encode a large cell membrane protein associated with the cadherin- 
catenin cellxell adhesion complex (20). Interestingly, the PKDI gene 
product was shown recently to play roles in maintaining the structural 
integrity of blood vessels (21) and in protecting MDCK epithelial 
cells against apoptosis (22). We had reported previously that HGF/SF 
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Fig. 3. Semiquanutative RT-PCR analyses of genes for which expression was de- 
creased in MDA-MB-453 cells treated with [HGF/SF+ADR] relative to ADR alone 
Assays were performed as described in the Fig. 2 legend. Note that 51C was analyzed 
using two completely diffcrenl sets of PCR primers. 
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Fig. 4. Effect of genetic manipulation of cdc42-intcracting protein (CIP4) expression 
on HGF/SF-mediated protection of MDA-MB-453 cells. A, schematic diagrams of CIP4 
expression vectors. The human CIP4 cDKAs were cloned into the pRK5-myc mammalian 
expression vector, which provides an NH2-tcrminal myc cpitopc tag. B, expression of 
wild-type and mutant CIP4 proteins. Cells were transfected with the different CIP4 
expression vectors as described below (Q, and the dishes were incubated for 24 h to allow 
expression of the encoded proteins. Proteins of the expected sizes were detected by 
Western blotting, using an antibody against the myc epitopc tag. Cells transfected with the 
empty pRKi-myc vector showed no myc-tagged proteins. C, effect of transient expression 
of wild-type (wt) and mutant CIP4 proteins on HGF/SF-mcdiatcd cell protection. Sub- 
confluent proliferating cells in 100-mm dishes were transiently transfected overnight with 
10 /ig of each vector, in the presence of Lipofectamine. Cells were washed, subcultured 
into 96-welI dishes, pre-incubated ± HOF/SF (100 ng/ml X 48 h), exposed to ADR (10 
or 20 |IM X 2 h), washed, postincubated for 72 h in fresh drug-free medium, and assayed 
for MTT dye conversion. Cell viability values (means; bars, SE) are based on 10 replicate 
wells. For each experimental condition, cells treated with [HGF/SF+ADR] showed higher 

protects both vascular endothelial and MDCK epithelial cells against 
DNA damage-induced apoptosis (4, 5). Thus, inhibition of the down- 

regulation of PKD1 by HGF/SF may be a cytoprotective function, one 
which merits further investigation. 

On the other hand, the expression of the topoisomerase binding 
protein TOPBP1, which binds DNA topoisomerase HB and also 
shows DNA strand break binding activity (23-25), was decreased in 
cells treated with [HGF/SF+ADR]. ADR causes DNA strand break- 
age in part by converting the DNA topology enzyme topoisomerase II 
into a DNA cleaving enzyme (26). It is thought that topoisomerase 
binding proteins such as TOPBP1 may contribute to or potentiate 
ADR-mediated DNA damage, but the role of TOPBP1 in this process 
remains to be established. The finding that ADR up-regulates 
TOPBP1 expression and that the up-regulation is blocked by HGF/SF 
is provocative, because it suggests a potential mechanism by which 
HGF/SF might modulate the DNA damage and repair process, up- 
stream of DNA-damage induced apoptosis. HGF/SF blocked the 
ADR-induced up-regulation of the human Gu protein. Gu is a DEXD 
box nucleolar RNA helicase, which presumably participates in aspects 
of RNA synthesis and processing (27). This finding is interesting 
because recent evidence suggests that, like topoisomerase II, Gu may 
be a target of ADR (28). However, the significance of this finding 
relative to HGF/SF-mediated cell protection remains to be deter- 
mined. 

A number of gene products implicated in signal transduction path- 
ways were found to be up-regulated (e.g., RhoB and RAB5A) or 
down-regulated [e.g., STK2 (a serine/threonine kinase), PTPN2 (also 
known as T-cell protein tyrosine phosphatase, TCPTP) and 51C (also 
known as INPPL1 or SHIP-2)]. Expression of the SIC gene, which 
encodes an the inositol polyphosphate-5-phosphatase (29), was de- 
creased in both HGF/SF-treated cells (relative to control) and [HGF/ 
SF+ADR]-trcated cells (relative to ADR alone). This finding is of 
particular interest because of previous studies demonstrating a re- 
quirement for P13K -» c-Akt signaling in the HGF/SF-mediated 
protection of breast cancer (MDA-MB-453) and glioma cell lines 
against apoptosis (6, 7, 30). 

It had been reported previously that the tumor suppressor PTEN/ 
MMAC1, an inositol polyphosphate-3-phosphatase, inhibited the 
PI3K/Akt pathway through its lipid phosphatase activity (15). Re- 
cently, SIC was similarly found to act as an inhibitor of the PI3K/Akt 
pathway, presumably also by reducing the levels of phosphatidylin- 
sitol-3,4,5-phosphate [PI(3,4,5)P3], which is generated through the 
lipid kinase activity of PI3K (31). Thus, the reduced expression of 
51C in HGF/SF-treated cells should have the effect of maintaining the 
levels of PI(3,4,5)P3, which is essential for the activation and proper 
localization of c-Akt. 

Interestingly, it has been demonstrated that one of the splice vari- 
ants of the protein tyrosine phosphatase PTPN2/TCPTP, TC45, can 
inhibit epidermal growth factor receptor-mediated activation of PI3K/ 
c-Akt signaling (32). Although the role of PTPN2 in c-Met receptor 
signaling and the important in vivo substrates for PTPN2 are unclear, 
the finding that HGF/SF down-regulates PTPN2 gene expression 
again raises the possibility that PTPN2 is a target for the HGF/SF- 
mediated protection against DNA-damaging agents. 

A cytoskeleton-associated cdc42-interacting protein, CIP4, was 
found to be up-regulated in ADR-treated cells, whereas HGF/SF 
blocked the up-regulation of CIP4. The function of CIP4 has not been 

viability than those treated with ADR alone (P < 0.001, two-tailed / test). The viability 
of cells transfected with wtCIP4 and treated with [HGF/SF+ADRJ was significantly 
reduced, compared with similarly treated untransfected or empty vector-transfected cells 
(P < 0.001). 
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established definitively, but C1P4 may function, in part, to cany the 
Wiskott-Aldrich syndrome protein (WASP), a multidomain protein 
involved in cytoskeletal organization, from actin filaments to micro- 
tubules (10). We showed that forced expression of wild-type human 
CIP4 reduced the degree of HGF/SF-mediated protection of MDA- 
MB-453 cells to 50% or less of that observed in untransfected or 
empty vector-transfected control cells. On the other hand, expression 
of internally deleted or truncated CIP4 proteins did not inhibit cell 
protection. These findings suggests a role for CIP4 in cell survival/ 
apoptosis pathways, a finding that is not obvious based on its known 
activities and protein interactions. 

Although we have focused on some of the more novel findings 
of this study, not all of the cDNA microarray and RT-PCR results 
were unexpected. For example, the finding that ADR up-regulates 
c-Myc mRNA expression and that the up-regulation was blocked 
by HGF/SF was not unexpected. We reported similar results based 
on Western blotting of MDA-MB-453 cells (5). The transcription 
factor c-Myc has been implicated in a variety of cellular processes, 
including proliferation, differentiation, transformation, and apop- 
tosis. Overexpression of c-Myc renders cells more susceptible to 
apoptosis through both p53-dependent and p53-independent mech- 
anisms (33, 34). Thus, theoretically, down-regulation of c-Myc by 
HGF/SF in the setting of DNA damage might be expected to confer 
protection against apoptosis. 

We had also reported that ADR down regulates the protein levels 
of the antiapoptotic protein Bcl-XL, whereas HGF/SF blocks the 
ADR-induced downregulation of Bcl-XL protein in MDA-MB-453 
cells (5). Bcl-XL was not present among the cDNAs spotted onto 
the microarrays slides used in this study. However, we examined 
the BcI-XL mRNA expression by semiquantitative RT-PCR anal- 
ysis and found no ADR or HGF/SF alterations in Bcl-XL mRNA 
levels in multiple repeat assays.(6) Thus, the alterations in Bcl-XL 

protein levels probably occur through translational or posttransla- 
tional mechanisms. This finding suggests that some of the protec- 
tion conferred by HGF/SF may be attributable to alterations in 
protein processing and metabolism. We had also noted that cell 
protection required a relatively long preincubation with HGF/SF of 
£=24 h for some protection and 2:48 h for maximal protection (5). 
This consideration suggests that the ability of HGF/SF to block the 
reduction of Bcl-XL protein levels induced by ADR might be 
attributable to alterations in the expression of genes involved in the 
processing or metabolism of Bcl-XL. 

Our findings suggest the viability of the cDNA microarray ap- 
proach, coupled with additional studies to confirm gene expression 
alterations and functional studies to evaluate the significance of the 
findings, as a means of identifying novel and interesting genes that 
may be involved in HGF/SF cell protection pathways. It is likely that 
some of the genes for which expression was altered by HGF/SF in the 
setting of DNA damage are not involved in cell survival or apoptosis 
pathways. Alterations in these gene products may reflect other activ- 
ities of HGF/SF than promotion of cell survival or may be a passive 
consequence of cell survival rather than a cause of survival. On the 
other hand, it is also likely that genes not implicated previously in cell 
survival or apoptosis mechanisms will be found to play roles in these 
processes (e.g., CIP4). 
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ABSTRACT 

Background: Molecular genetic markers to identify the 13% lymph node negative 
mammary carcinomas that are prone to develop metastases would be clearly of 
considerable value in indicating those cases in need of early aggressive therapy. 
Methods: Representational difference analysis (RDA) was used in an attempt to identify 
genetic alterations related to breast cancer metastasis by comparing DNA from 
microdissected normal and metastatic cells of a ductal breast carcinoma patient. Results: 
One hundred cloned RDA products were examined and 10 unique metastasis associated 
gene sequences (MAGS), i.e. products apparently lost in metastatic cell DNA, were 
found. Of these MAGS, one sequence, MAGS-IX was found to be lost in the transition 
from primary to metastasis in 2 out of 5 ductal breast carcinoma cases. This sequence was 
localized on chromosome 10q21 by radiation hybrid mapping and fluorescence in situ 
hybridization. The PTEN gene which is also located on chromosome lOq was detected by 
PCR in all the five cases. On the other hand a breast carcinoma cell line, HCC-1937, 
which has homozygous loss of a region encompassing PTEN gene showed the presence 
of MAGS-IX. PCR screening of three additional breast carcinoma cell lines with known 
losses in specific chromosomal regions also showed the presence of MAGS-IX. 
Conclusion: These data suggest that MAGS-IX is a candidate molecular marker for 
ductal mammary metastasis. 

Introduction 

The construction of a panel of molecular genetic markers for identifying the 13% lymph 
node negative mammary carcinomas that are prone to develop metastases [1] would be 
clearly of considerable value in indicating those cases in need of early aggressive therapy. 
There would also be considerable benefit to the 87% of women with mammary 
carcinomas who are not likely to metastasize by sparing them the physical, mental and 
financial costs of the treatment. In addition, further knowledge of the genetic 
mechanisms that play an important role in metastasis could ultimately lead to the 
development of improved therapeutic procedures. 

While the evidence for the role of gene alterations in promoting metastasis in general, and 
in mammary carcinomas in particular, is still accumulating, it is very likely that like 
tumorigenicity suppressor genes and oncogenes, many more genes remain to be 
discovered that are involved in metastasis since the process is complex involving a large 
number of pathways [2]. Most of the known genetic mechanisms involved in the 
progression of a tumor to the metastatic state involve the loss of function of genes that 
prevent cells from becoming invasive. These are similar to tumorigenicity suppressor 
genes, whose loss of wild-type growth regulatory function leads to unregulated or 
malignant growth. Similarly the wild-type metastasis suppressor genes regulate the cell's 
mobility and its response to environmental messages, presumably keeping most cells 
localized and differentiated. Mutation or complete loss (deletion) of the wild-type 
counterpart of any such gene in a malignant cell may make that cell more motile, invasive 



or metastatic. In particular, mutations of genes regulating cell adhesion molecules have 
been reported to be metastasis-fostering alterations [3, 4, 5, 6]. In human breast cancers, 
several other genes have been found to be associated with metastasis namely, nm23 [7, 
8], KAI1 [9,10], mtal [11], KiSSl [12], PTEN/MMAC1 [13,14] and BRMS1 [15]. 

Representational difference analysis (RDA), a DNA subtractive hybridization method 
[16], was used in this study to test the working hypothesis that in order to achieve the 
metastatic state primary mammary carcinoma cells must acquire genetic changes in 
addition to those that led to transformation. With the RDA method, DNA from normal 
cells was compared with that of the metastatic cells of the same patient. The recovered 
differential sequences were then mapped on human chromosomes and used to screen 
DNA samples from normal, primary and metastatic cells of five additional ductal 
mammary carcinoma patients to determine if these were consistently associated with 
metastasis. 

Materials and methods 

Tissue samples and cell lines. Normal breast tissue and lymph nodes with metastatic 
cells of a 52 years old patient (C-1050) with ductal mammary carcinoma were provided 
by the Co-operative Human Tissue Network (CHTN). Additional matched normal, 
primary and metastatic tissue samples were collected from four patients (C-18805; C-98- 
05H; C-19898; C-20635) from CHTN and one (DS-9605) from the Surgical Pathology 
Department of Albert Einstein College of Medicine and Montefiore Medical Center. The 
DNA samples from mammary carcinoma cell lines (HCC-1806, HCC-1143, HCC-1428 
and HCC-1937) and matched normal cell lines were received from Dr. R. Parson of 
Columbia University, NY. 

Isolation of cells from biopsy samples by single cell microdissection (SCM). Single 
cell microdissection was performed on hematoxylin and eosin stained tissue sections of 
positive lymph nodes from the ductal breast cancer patient samples (Fig. 1). In our 
method of SCM, a Zeiss axiovert phase contrast photomicroscope fitted with a TV 
monitor and a Narashige mechanical microdissector was used. A glass micro pipette was 
used to draw up individual cells after dissection. Tumor cells were identified in the 
microscope and using the tip of a glass micropipette attached to a syringe, they were 
dissected out without disturbing the surrounding tissue and then drawn into the pipette. 
After 5-10 cells were collected in the tip it was broken off and dropped into a sterile 
eppendorf tube. Approximately 10,000 metastatic tumor cells were collected in this 
manner for RDA experiments. As shown in figure 1, pure population of tumor cells were 
isolated from positive lymph node tissue samples. This method was used to isolate tumor 
cells for the RDA experiment because laser capture microdissection (LCM) equipment 
(see below) was initially not available. 

Isolation of cells from biopsy samples by laser capture microdissection (LCM). LCM 
[17] was used for isolating tumor cells from primary and metastatic tissue samples of 



captured on Nikon E800 using Quips Pathvysion system (Applied Imaging, Santa Clara, 
CA). 

Results 

Isolation and characterization of candidate metastasis associated gene sequences 
(MAGSs). 
RDA was performed with the DNA recovered by SCM from normal cells and metastatic 
cells in the lymph nodes of a patient with ductal mammary carcinoma (Fig. 1). Since the 
objective was to isolate sequences that are lost in the progression from normal to 
metastasis, we focused on the products of RDA in which the metastatic cell DNA was 
used as the driver and the normal cell DNA was the tester. As shown in figure 2, RDA 
differential products were isolated and DNA was extracted from each of the 5 bands 
obtained from the loss side of the third round of hybridization and DNA from each band 
was cloned separately. One hundred clones from each DNA band were saved and a subset 
of 100 clones (20 clones from each differential product) was selected randomly for 
further characterization. These 100 clones were probed (labeled with a32P-dCTP) on dot 
blots containing normal and metastatic cell DNA. It was found that 79 clones hybridized 
only with the normal cell DNA, and were not present in the metastatic cells (Fig. 3a). The 
remaining hybridized with both normal and the metastatic cell DNA. This may have been 
due to incomplete subtraction. 

Of the 79 clones that hybridized only with the DNA of the normal cells, 50 were selected 
and tested fiirther by Southern blotting to verify the RDA results. None of these 
hybridized with the DNA of the metastatic cells and all were detected in normal cells 
(Fig. 3b). These 50 clones were sequenced and those with identical sequences were 
grouped. Thus 10 unique candidate metastasis associated gene sequences (MAGS) were 
identified. The sequence homologies found by searching the nucleotide databases of these 
MAGS are presented in table 2. The search revealed 94-99% homology to known human 
gene sequences for nine of these MAGSs and one was found to be novel, having only 
limited homology with the sequences in the gene banks. 

Results of Radiation Hybrid (RH) Mapping 
To determine if these 10 MAGS could be localized on human chromosomes, we used 
GeneBridge 4 Radiation Hybrid panel (Research Genetics, Inc.). For this physical 
mapping, and also to be able to use these sequences to screen additional patient samples, 
primer pairs were designed for each sequence (Table 2) and tested by PCR on a positive 
control (human genomic DNA) and two negative controls (Chinese hamster genomic 
DNA and no template). Of the 10 MAGS tested, only 5 (IV, VII, VIII, IX and X) were 
successfully mapped to specific human chromosomes (Table 2). Of those 5 MAGS, IV 
did not show any match with gene bank sequences and therefore appeared to be novel 
gene sequence. For MAGS VII, VIII, IX and X, the chromosome localizations obtained 
by physical mapping and by homology search agreed. The MAGS IX sequence showed 
94% identity to a sequence on human chromosome 10. The last one, MAGS VIII was 
mapped to chromosome 6 with about 83% homology (Table 2). 



Characterization of MAGS-IX by FISH and PCR 
We selected MAGS-IX for further characterization. Based on the sequence of the BAC 
clone (NCBI: RP11-407) encompassing MAGS-IX, a 2Kb DNA fragment containing 
MAGS-IX was generated by PCR. To localize MAGS-IX cytologically, we labeled the 
2Kb sized MAGS-IX with Spectrum Green (Vysis) and hybridized on a normal human 
metaphase chromosomes. As shown in figure 4, MAGS-IX probe was hybridized on 
10q21 region. Spectrum Green labeled centromere of chromosome 8 (CEP8; Vysis, 
Downers Grove, IL, USA) was used as a control. To determine if MAGS-IX is indeed 
associated with metastasis, DNA was used from cells recovered with the LCM method 
from normal, primary and metastatic tissue samples from 5 additional patients. These 
DNA samples were screened by PCR using primers designed for MAGS-IX (Fig. 5). 
MAG-IX was present in normal cell DNA samples of all the five patients but the intensity 
of hybridization was less in the primary tumor cell DNA samples from 2 patients and 
totally undetectable in the metastatic cell DNA of these two patient samples, suggesting a 
loss of this gene sequence during progression to metastasis. Because MAGS-IX was 
mapped to chromosome 10q21, we wanted to determine if it was located in the region 
encompassing a well-known MAG, PTEN [13]. We PCR screened DNA samples from 
normal, primary and metastatic lymph nodes of the above five patients with PTEN 
primers (Table 1) and found that PTEN is present in all of the samples (data not shown). 
To further determine if MAGS-IX is not a part of PTEN gene, we tested four pairs of cell 
lines derived from normal blood and tumor tissue samples of four patients with ductal 
breast carcinoma. While three tumor cell lines (HCC-1806, HCC-1143 and HCC-1428) 
are known to have loss of different chromosomal regions other than on lOq region [21, 
22], the fourth tumor cell line (HCC-1937) is known to have homozygous loss for a 
region encompassing the PTEN gene [23]. PCR screening of the PTEN gene in these 4 
tumor cell lines showed that it is present in the first three tumor cell lines and 
homozygously lost in the 4th cell line. PCR screening of MAGS-IX sequence in these cell 
lines however found to be present in all the tumor cell lines including HCC-1937 (Fig. 6). 
Consequently MAGS-IX appears to be lost independently of PTEN. 

DISCUSSION 

In the present investigation we used representational difference analysis (RDA) in an 
attempt to identify genetic alterations related to breast cancer metastasis by comparing 
normal and metastatic cell DNA of a ductal breast carcinoma patient. Then differential 
products were used to screen DNA of five more sets of normal, primary and matched 
metastatic tumor samples (Fig.5). This analysis revealed one sequence, MAGS IX that 
was lost in the transition from normal to primary to metastasis in 2 of 5 cases (3 of 6 
cases if the case used in the RDA assay is included). The fact that it was present in 
primary tumor cells, but missing in lymph node metastatic cell foci strongly suggests that 
this is a candidate marker for a novel metastasis suppressor gene. 

The RH mapping revealed that MAGS-IX is localized to a 21cR interval between 
markers, D105539 and D10S549, corresponding to human chromosome 10 band q21.1 
(http://ncbi.nlm.nih.gov). This was also confirmed cytologically by using MAGS-IX as a 
FISH probe on human chromosomes (Fig. 4). To determine if this sequence is one of the 



additional patients for screening candidate metastasis associated gene sequences by PCR. 
After many tumor cells have been captured on the LCM cap, it is then placed on a 500ul 
PCR tube containing ATL lysis buffer (Qiagen Co.) and the DNA is extracted. 

DNA extraction. About lug of DNA was isolated from approximately 10,000 cells 
microdissected from metastatic tumor and normal (glandular and stromal) breast tissue 
samples, using a modified method of DNA extraction from archival tissues. Briefly, the 
microdissected cell pellet was incubated overnight in lysis buffer (Qiagen Co.) with 
Proteinase-K at 55°C. Glycogen (carrier) was added to the cell lysate and DNA was 
extracted using phenol-chloroform-isoamyl alcohol mixture followed by EtOH 
precipitation. 

RDA and characterization of differential products. The RDA procedure was basically 
as described by Lisitsyn et al [16, 18] using Bgl II representation. The metastatic cancer 
cell DNA was used as the 'driver' and the DNA from the normal cells was the 'tester'. 
Three rounds of hybridization was performed to subtract the common sequences. The 
primers used for representation and hybridization steps of RDA are listed in Table 1. 
DNA from the differential bands (lost in metastasis) was cloned using the TA cloning 
system (pCR2.1; Invitrogen Co.). Clones were selected at random and used as a^2p. 
dCTP (Amersham) probes on dot/Southern blots containing amplicon DNA from the 
original normal and metastatic cells to verify whether these sequences are actually present 
in normal and missing in metastatic cell DNA samples. Positive clones (showing signals 
in normal and missing in metastatic cell DNA) were sequenced and homology search 
performed using NCBI Blast program. 

Radiation Hybrid (RH) Mapping. RH mapping was used to localize the MAGS on 
human chromosomes using high resolution Gene Bridge 4 radiation hybrid panels 
(Research Genetics, Inc.). Based on the sequences of differential products isolated from 
RDA experiments, primers were designed for each group of candidate gene sequences 
(Table 2). Based on the PCR results, chromosome localization of these sequences were 
determined using Whitehead Institute/ MIT databases (http://www- 
genome.wi.mit.edu/cgi-bin/contig/rhmapper). 

Fluorescence In Situ Hybridization (FISH) of MAGS-IX. Chromosome preparations 
were made from PHA-stimulated peripheral blood lymphocyte cultures from normal 
individuals. The slides were fixed in methanol-acetic acid and air-dried. The probes used 
for FISH were Spectrum Green labeled centromere of 8 (CEP8; Vysis, Downers Grove, 
IL, USA) and Spectrum Green labeled 2Kb sized MAGS-IX sequence. Primers were 
designed from the BAC clone (NCBI: RP11-407) containing the MAGS-IX sequence to 
obtain 2Kb sized PCR product encompassing MAGS-IX region (Table. 1). The 2KB 
DNA fragment was run on a 1% geL, isolated from gel and eluted in water, labeled with 
Spectrum Green using nick translation method, following the manufacturer's instructions 
(Vysis). 3 days old slides were denatured in 70% formamide/2X SSC solution at 74°C. 
The dehydrated and air dried slides were used for hybridization according to published 
methods with some modifications [19, 20]. The slides were counter stained with DAPI 
(4, 6-diamidino-2-phenylindole dihydrochloride; Molecular Probes) and images were 



commonly deleted regions in breast carcinomas, we screened normal and tumor derived 
cell lines from 3 patients which had loss in regions on different chromosomes and one 
had homozygous loss of a region encompassing PTEN gene [21, 22, 23]. While MAGS 
IX was present in the normal and tumor cell lines of all four patients, PTEN was present 
in three cell lines and absent in the 4th tumor cell line (Fig. 6) suggesting that MAGS-IX 
is neither a part of PTEN gene nor localized in the same deletion fragment that 
encompasses PTEN gene. Recent RT-PCR studies showed that MAGS-IX was an 
expressed sequence (data not shown). These results may not suggest MAGS-IX be part of 
a tumor suppressor gene but possibly a marker for loss of a functional gene located close 
by. Additional archival cases are being screened to determine if MAGS IX is a reliable 
marker for the metastatic potential of ductal breast cancers. 
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Tables 

Table 1. Primers used in RDA and different PCR screening experiments. 

Primer / Product size Primer sequence (Forward) Primer sequence (Reverse) 
RDA representation R24: 5'agcactctccagcctctcaccgca3' R12: 5'gatctgcggtga3' 
RDA 1st round hyb. J24: 5'accgacgtcgactatccatgaaca3' J12: 5'gatctgttcatg3' 
RDA 2nd round hyb. N24: 5'aggcaactgtgctatccgagggaa3' N12: 5'gatcttccctcg3' 
RDA 3rd round hyb. Same as 1st round (J24) Same as 1st round (J12) 
PTEN (556) 5 'ctcagattgccttataatagtc3' 5 'tcatgttactgctacgtaaac3' 
MAGS-IX(180bp) 5 'aggtaggtagagtaacaggtttgttt3' 5 'gatctgttctcccttttctttagctt3' 
FISH fragment (2Kb) 5' actatgtatgtgagcatctgtttgc3' 5 'tgcactcttcacttgagtaaacttg3' 
ß-actin (295bp) 5 'tcacccacactgtgcccatctacga3' 5' cgacgtagcacagcttctcctta3' 

Table 2. The primers, the length, homology search and RH mapping results of the 
metastasis associated gene sequences (MAGSs). 

MAGSs Primers Length 
(bp) 

Homology RH mapping 

I F. ATGCAGGAAGCGCTTGCTTGT 
R. GGACATCCTCACCATTCAGATCTC 

205 Chromosome 5 (97%) 
AC005915.1 Not successful 

II F. CGAAGTTCCTGAATCAGTGGGATAT 
R. GATCTGAATGGTGAGGACGTCAGA 

144 Chromosome 21 (99%) 
AC010463.6 Not successful 

III F. GTGAAGACGACAGAAAGGGCGTG 
R.GCAGTACCTCTGCAACACTGACG 

277 Chromosome 1 (97%) 
AL359265.8 Not successful 

IV F. ATCTGTGTGTGCAGCGCTGTGGA 
R. GGAATCTCCGAGGACACTTGAGGT 

185 
No match 

Chromosome 5; Places 
19.72 cR from WI-6737 

V F. GGATGTCTTTCCATTTGTTTAGGGC 
R. GGTCTTTCAGATGAATTCACAGATCT 

220 Chromosome 16 (98%) 
AC004234.I Not successful 

VI F. AAGAGAGGAAATATAGCAGTGGCAC 
R. GCTTACCGACGCGACTATCCATG 

242 Chromosome 7 (97%) 
AC09333.1 Not successful 

VII F. CAGATAGGTGAGTGTATGTGAAGCA 
R. ATGGCTGTGCCCCTTCTTCCCTA 

190 
Chromosome 6 (98%) 
AL121935.17 

Chromosome 6; Places 
1.51 cR from WI-3110 

VIII F. GCAATGTGGAAAAGGCATATTTAGAAT R. 
GTCCACTGGCTGGTAATGGTGGTA 

170 Chromosome 6 (82%) 
AC013429.12 

Chromosome 6; Places 
3.67 cR from 
AFMA191WD1 

IX F. AGGTAGGTAGAGTAACAGGTTTGTTT 
R. GATCTGTTCTCCCTGGTCTTTAGCTT 

180 
Chromosome 10 (94%) 
AC02254I.10 

Chromosome 10; 
Places 5.66 cR from 
D10S546 

X F. GATCTTTCTCTCTCACAGCTCTGC 
R. ACCGACGTCGACTATCCATGAACA 

192 
Chromosome 15 (98%) 
AC104260.5 

Chromosome 15; 
Places 1.71 cR from 
D15S157 



Legends 

Fig.l. Single cell microdissection of tumor cells from fresh frozen breast tumor tissues. 
A tumor cell (=>) before (a) and after (b) microdissection. The arrows (—►) showing cells 
for reference and (<=>) showing intact collagen material (a) and those floating (b) on the 
section. Tumor cells in a positive lymph node tissue before (c) and after (d) 
microdissection. 

Fig. 2. Isolation of differential products from single cell microdissected archival breast 
tissues. RDA hybridization was of the normal versus the metastatic tumor cell DNA and 
was performed in two ways. In the first RDA (Lane 2), the metastatic cell DNA was used 
as tester (which should yield differential sequences gained during malignant 
transformation or in the process of becoming metastatic) and in the second RDA (Lane 
3), normal DNA was used as tester (which should yield sequences that were lost from the 
metastatic cells). In the third round of hybridization (c), the 'gain' lane contained 4 
prominent DNA bands ranging from 200-300bp in size (c2) whereas in the 'loss' lane, 
there are 5 bands ranging from 200-370bp (c3) in size (arrows). Lane 1. Low molecular 
weight DNA marker (2Kb). 

Fig. 3. Southern blot using MAGS-IX as an a32P-CTP probe on normal (N) and 
metastatic (M) amplicon DNA. Dot blot (a) and Southern blot (b) showing positive 
signals only in the normal cell DNA (N) but not in the metastatic cell DNA (M). 

Fig. 4. Localization of 2Kb DNA fragment containing MAGS-IX on human metaphase 
chromosomes. Centromere of chromosome 8 was used as a positive control probe. 
MAGS-IX was found to localize around 10q21 chromosome region (close to 
centromere). Both the MAGS-IX and CEP-8 are labeled with spectrum green (Vysis) and 
the chromosomes were counter stained by DAPI. 

Fig. 5. PCR screening of MAGS IX on normal (N), primary (P) and metastatic (M) cell 
DNA samples of 3 patients (1st Patient: lanes 1, 2 and 3; 2nd Patient: lanes 4, 5 and 6; 
3rd Patient: lanes 7, 8 and 9). Results show the target DNA band (148bp size) is missing 
in the metastatic cell DNA of patients 1 (lane 3) and 3 (lane 9). ß-actin was as an internal 
control. 

Fig. 6. PCR screening of MAGS IX and PTEN on DNA samples from 4 tumor cell lines 
and matched normal DNA. Results (first row) show that MAGS-IX is present in all the 
tumor cell lines (HCC-1806, HCC-1143, HCC-1428 and HCC-1937) especially the 4th 

tumor cell line which was known to have loss of a region encompassing the PTEN gene. 
Screening of PTEN in the above four cell lines (second row) show its presence in three 
tumor cell lines but as expected is missing in the 4th cell line (HCC-1937). ß-actin was as 
an internal control. 
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Abstract: 

A dinucleotide (T-G) repeat sequence was isolated by comparing DNA from metastatic 
lymph node and matched normal breast samples from a ductal mammary carcinoma 
patient using representational difference analysis (RDA) method. Our present study used 
this metastasis associated DNA sequence (MADS) as a diagnostic probe to screen five 
patient samples by slot blot method. A new approach to isolate single cells by 
microdissection, namely single cell microdissection (SCM) was developed to obtain 
homogeneous population of tumor cells (-1000) from matched primary tumors and 
corresponding positive lymph nodes of 5 patients. We isolated DNA from these 
homogeneous tumor cells and used for the RDA and DNA slot blot experiments. The 
screening of patient samples showed loss of this MADS in the transition from primary to 
metastasis in 4 out of 5 cases (80%) suggesting its possible role in breast metastasis. 

Key Words: Dinucleotide repeat, Metastasis, Metastasis Associated DNA Sequence 
(MADS), Representational Difference Analysis (RDA). 



Introduction: 

The dissemination of cancer cells from primary site is the main cause for relapse of 
disease in patients with solid tumors. The degree of spreading of tumor cells in the 
circulation involves multiple tumor-host interactions through complex genetic 
mechanisms. Alterations in the expression of both the oncogenes and tumor/metastasis 
suppressor genes are known to be involved in metastasis1"3. Mutation or complete loss 
(deletion) of the wild-type counterpart of any suppressor gene in a malignant cell may 
increase cell motility, invasion or metastasis. Metastasis is a complex process involving a 
cascade of biochemical and genetic events that regulate growth, vascularization, invasion, 
transport and survival in the circulation followed by adhesion, extravasation, and 
proliferation at the distant sites3. In human and mouse breast cancers only few genes 
associated with metastasis have been reported4"7. 

We used the RDA method8"10 in an attempt to identify candidate DNA marker sequences 
and/or genes involved in the progression of the disease from benign to invasive breast 
carcinoma stage to metastasis by comparing DNA samples from pure population of 
microdissected tumor cells from positive lymph nodes and matched normal cells from the 
same patient. Southern blots showed that most of the sequences (87%) were present in 
normal cell DNA and partially or completely missing in the metastasis cell DNA 
samples10. We found that one of these metastasis associated DNA sequences (MADS-XI) 
is enriched with novel dinucleotide (T-G) repeats. Since microsatellite repeats are known 
to regulate the expression of certain genes associated with metastasis11"13, we made an 
attempt to determine if this novel gene sequence, MADS-XI could be used to predict the 
primary tumors that are prone to develop metastasis. We therefore screened additional 5 
patient samples by DNA slot blot method to determine if this MADS-XI is actually 
involved in metastasis to lymph nodes in breast carcinoma. 

Materials and Methods: 

Tissue Samples: Archival tumor tissue material from 5 patients with ductal mammary 
carcinoma (coded case numbers: 1: C-14153; 2: C-1050; 3: DS97-919; 4: C-14852; 5: 
DS-711) were obtained from Co-operative Human Tissue Network (1,2 and 4) and from 
the Surgical Pathology Department of Monteflore Medical Center (3 and 5). Each case 
consisted of primary and metastatic lymph node tumor tissue samples and matched 
normal tissue from the same patient. 

Isolation of cells from biopsy samples by single cell microdissection: Single cells from 
tumor biopsy samples were isolated using an innovative microdissection approach 
namely single cell microdissection (SCM). Thus homogeneous populations of tumor cells 
(-1000) were isolated from matched primary tumors and corresponding positive lymph 
nodes of patient samples. SCM was performed on hematoxylin and eosin stained tissue 
sections from primary tumors and metastatic lymph nodes from ductal breast carcinoma 
patient samples. In our method of SCM, a Nikon inverted photomicroscope fitted with a 



Narashige mechanical microdissector was used (Fig. 1). Tumor cells were identified in 
the microscope and using the tip of a glass micropipette attached to a syringe, they were 
dissected out one after the other without disturbing the surrounding tissue and then drawn 
into the pipette (Fig. 2a and b). After 5-10 cells were collected in the tip it was broken off 
and dropped into a sterile eppendorf tube. As shown in figure 2 (c and d), pure population 
of tumor cells was isolated from a positive lymph node tissue sample. Compared to laser 
capture microdissection methods, this is less expensive and provides high degree of 
homogeneity of cell population compared to other methods. SCM method also alleviates 
any possible damage to the DNA or RNA of the microdissected cells as UV or infra red 
sources of laser beams are not used in this method. Since the collection of large number 
of homogeneous cells by this method is very tedious and time consuming, we have 
modified RDA protocol and standardized a genomic DNA amplification method to isolate 
larger amounts of DNA from relatively few cells (-1000) for routine DNA slot blot14 

preparations. 

DNA extraction: About lOOng of DNA was isolated from approximately 1000 cells 
microdissected from primary tumor and metastatic lymph node tissue samples, using 
modified methods of DNA isolation and genomic DNA amplification from limited cells. 
Briefly, the microdissected cell pellet was incubated with Proteinase-K (ljil of 20ug/ml 
stock) in a 20ul of Tris- buffer for one hour at 37°C. The sample was denatured at 95°C 
for 2 mins, cooled to room temperature and Bglll digestion (1:200 dilution of the stock 
lOU/ul enzyme) was set up using lul of the diluted enzyme in a 20ul reaction mixture 
containing lOOng of DNA. The digestion was carried for two hours and the DNA 
fragments were ligated with the 24mer and 12mer oligos and Bglll amplicons were 
prepared8'11. PCR amplification of these Bglll representation amplicons was performed 
using 24 mer oligo primers (95°C lmin, 72°C 3min. for 30 cycles followed by 1 cycle at 
72°C for 10 min.). DNA was extracted using phenol-chloroform-isoamyl alcohol mixture 
followed by EtOH precipitation. The DNA samples were quantified on an agarose gel 
using a high mass DNA maker (0.1 to 10Kb) and predetermined quantities of sheared 
salmon sperm DNA (0.1, 0.2, 0.5, 0.7 and lug). 

RDA and characterization of differential products: The RDA procedure was basically 
as described by Lisitsyn et al.8'9 using Bgl II representation. The metastasis cancer cell 
DNA was used as the 'driver' and the DNA from the normal cells was the 'tester'. Three 
rounds of hybridization were performed to subtract the common sequences8"10. DNA from 
the differential bands (lost in metastasis) was cloned using the TA cloning system 

(pCR2.1; Invitrogen Co.). Clones were selected at random and used as ^V-dCTP 
(Amersham) probes on dot/Southern blots containing DNA from the original normal and 
metastasis cells to verify whether these sequences are actually present in normal and 
missing in metastatic cell DNA samples10. Positive clones (showing signals in normal and 
missing in metastatic cell DNA) were sequenced and homology search performed using 
NCBI Blast program. 

Slot-blot Method: The slot blot method was performed following published methods14. 
Briefly, the PCR amplified products were purified by phenol chloroform method as 
mentioned elsewhere and suspended in 50ul of TE buffer. One microgram of the 



quantified product was denatured with NaOH (IN) and incubated for 5min. at 37°C. The 
final volume was made up to lOOul with 10XSSC (final concentration of 6XSSC). The 
samples were applied on pretreated nitrocellulose membranes using S&S (Schleicher & 
Schuell) Minifold II slot-blotter apparatus following manufacturer's instructions. The 
membrane was UV cross-linked (Stratalinker 2400) and pre-hybridized for three hours 
followed by one-hour hybridization with the quick hybridization solution (Stratagene, 
CA). The 32P dCTP labeled MADS-XI/GAPDH probe was made and purified as per 
manufacturer's protocol (Stratagene). The hybridization solution contained about 2x 10 6 

cpm/ml of the probe. The filter was then washed and exposed to X-ray film for 1-3 hours 
and developed for autoradiography. Blotting experiments were repeated twice and the 
reproducible results were analyzed. 

Results: 

The MADS-XI (224bp) has a 68bp unique sequence followed by a 156bp sequence with 
17 groups of varying number of repeats, interrupted by 1-10 nucleotides (Fig. 3). Blast 
and Blat search results showed high homology (98%) of this sequence with regions on 
chromosomes 6q. However when only dinucleotide repeats sequence (without the unique 
sequence) was blasted for homology search it showed high homology with the 
dinucleotide repeats on chromosomes 6, 16 and 17. Physical localization using radiation 
hybrid mapping however was not successful due to several non-specific PCR products 
with human and Chinese hamster ovary (CHO) template DNA samples. 

Slot blot analysis of DNA from primary tumor cells and metastatic lymph nodes from 5 
patients with ductal mammary carcinoma using the MADS-XI as a probe revealed its 
involvement in breast metastasis. As shown in the figure 4, the MADS-XI was present in 
the normal cells from all the 5 patients while missing in 4 out of 5 (80%) metastasis cell 
DNA samples. In the patient number 3, however, the primary cell DNA band showed 
lesser (half) intensity suggesting the loss of heterozygosity (LOH). 

Discussion: 

Dinucleotide repeats are known to regulate the expression of several tumor/metastatic 
suppressor genes11,13. The loss of this MADS-XI in metastatic lymph node cell DNA 
samples from 4 out of 5 patients suggests its involvement in breast metastasis (Fig. 4). 
The reduction in the intensity of signal to about half from the normal to primary tumor 
cell DNA (Fig 4a; Case number 3) and complete loss in lymph node metastasis may 
suggest that this sequence can be used as a diagnostic tool for breast lymph node 
metastasis. These findings are in support of our hypothesis (Fig 5) that gradual loss of T- 
G repeats in tumor cells is associated with the progression of the disease which leads to 
the instability (MSI) and/or loss of several tumor/metastasis suppressor genes in 
metastasis. 

Blat search results indicated that both the whole MADS-XI sequence and only T-G repeat 
sequence from MADS-XI is matching with a sequence from chromosomes 6,16 and 17 
with high scores (98.7%, 92%, 93%). The unique sequence (68bp) from MADS-XI, 



without T-G repeat sequence has matched only with chromosome 6q (98%). This may 
suggest that microsatellite instability (MSI) due to loss of repeat sequences may cause 
allelic instability (AI) in several different chromosomes simultaneously. Our results 
implicate involvement of at least three chromosome regions in breast lymph node 
metastasis. They might also influence some important genes located in these three 
chromosomes [IGF2R/M6PR; 6q26, 6q27]15'16, [p53; 17pl3.1]17'18, [BRCA1; 17ql2- 
q21]19. Others also have reported the allelic loss of chromosomes 6, 16 and 17 because of 
MSI and AI during disease progression20"23. Besides, MSI causes replication error 
mismatch repair induction followed by mismatch repair gene mutation. Thus sum of 
these events probably activate the protooncogenes and inactivate tumor/metastasis 
suppressor genes leading to metastasis24. 

Currently we are screening circulating tumor cells with MADS-XI alone and in 
combination with other known makers to evaluate the state of the breast disease. The 
prediction for the genetic status of the circulating tumor cells will eventually convey the 
guidelines for early stage therapeutic modality to arrest or delay the progression of the 
disease 5. 
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Legends to figures 1 to 5 

Fig. 1. Single cell microdissection apparatus. An inverted tissue culture Nikon photo microscope 
attached with a Narashige micromanipulator for single cell microdissection. A capillary glass 
micropipette is fitted to the micromanipulator needle holder to dissect the tumor cells and a 
syringe is connected with a plastic tubing to the other end of the micropipette to draw tumor cells 
into its tip. 

Fig 2. Single cell microdissection of tumor cells. Dissection of one tumor cell from the primary 
tumor section (a: before and b: after) and a group of tumor cells from the positive lymph node 
(c: before and d: after) of a ductal mammary carcinoma. 

Fig. 3. The complete MAGS-XI sequence enriched with TG repeats. Bold letters: Unique 
sequence; V: Vector sequence 

FIG. 4. Slot blot analysis of DNA samples from primary tumor and metastatic lymph node 
samples and matched normal cells from 5 patients (1: C-14153; 2: C-1050 3: DS 97-919; 4: C- 
14852; 5: DS-711). The first (N), second (P) and third (M) rows represent the DNA samples 
from normal, primary tumor and metastatic lymph node breast samples respectively, (a) The blot 
is hybridized with 32P dCTP labeled MADS XI probe; (b) The DNA loading is quantitated in the 
experimental blot by probing with GAPDH. 

Fig. 5: Schematic representation of loss of T-G repeats with the progression of the disease, (a) 
Normal cells with [(T-G)n]+ repeats; (b) Primary cells with [(T-G)„]+ and without [(T-G)„]" 
repeats and (c) Metastatic cells without any repeats [(T-G)„]". 
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that this is a novel MAGS. Additional archival cases are being screened to 
determine if MAGS IX is a reliable marker for identifying breast cancers that are 
prone to becoming metastatic. 

#221 She adaptor proteins in breast cancer prognosis: Novel molecular 
markers that predict aggressive Stage 1 tumors. Pamela A. Davol Robert 
Bagdasaryan, and A. Raymond Frackelton, Jr. Roger Williams Medical Center 
Providence, HI. ' 

In a 12-year, retrospective study of clinical outcome (with at least a 5 year 
follow-up) of breast cancer patients in the Roger Williams Cancer Center data- 
base and tumor registry, a 10% mortality associated with disease recurrence was 
observed in patients diagnosed with Stage 1 breast cancer (n = 212 patients) 
Accordingly, there is an evident need for molecular markers that may differentiate 
aggressive, early-stage breast cancers from less invasive lesions and thus quide 
surgical and adjuvant treatment options. Immunohistochemical staining of phos- 
phorylated She (PY-Shc: an activated, adaptor protein that facilitates tyrosine 
kinase signaling and tumorigenesis) and p66-Shc (a She isoform that inhibits this 
signaling cascade) in 98 archival, formalin-fixed, diagnostic breast tumor biopsies 
(Stage 0 to Stage 4 patients) demonstrated a positive linear correlation between 
the ratio of PY-Shc to p66-Shc staining intensity in regard to patient staqe (r = 
0.4; p < 0.0001); with high PY-Shc/low p66-Shc corresponding to advanced 
disease stage at the time of diagnosis. When the PY-Shc to p66-Shc ratio was 
analyzed in primary tumors from Stage 1 breast cancer patients and then retro- 
spectively compared to patient outcome (>/= 5 yr follow-up), the ratio for 
randomly selected tumors from patients with no disease recurrence (0 66 +/- 

; ?„™ >,was si9nificant|y lower compared to patients with disease recur- 
rence (0.90 +/- 0.07; n = 8) (p < 0.005). These studies suggest that the PY-Shc 
to p66-Shc ratio may serve as a viable prognostic marker for identifying aqqres- 
sive, early stage breast cancers. (Supported by Department of Defense Breast 
Cancer Grants: BC980415 and DAMD17-99-1-9363) 

#222 Quantitative gene expression of human anterior gradient (hAG-2R) 
in human breast tumor tissue and its potential as a prognostic indicator in 
"fjff''; Monica Madden Reinholz, Stephen J. Iturria, Patrick C. Roche 
and Judith S. Kaur. Mayo Clinic, Rochester, MN. 

The molecular basis for the observed differences between estrogen receptor- 
positiye(ER+) and ER-negative (ER-) breast tumors remains unclear. The human 

«n, o «^ 2 ^eJToPUS laevis cement 9,a"d gene Xenopus Anterior Gradi- 
ents (XAG-2), hAG-2R, was previously found to be co-expressed with ER in 

nlntc S?n.Cer Ce' "neS- .?eCaUSe ER is probab,y onlV one of a set of expressed 
genes that are responsible for the phenotype of hormone-responsive breast 
cancer we examined the gene expression pattern of hAG-2R in different staqe 
breast tumor tissues. In the present study, we used reverse transcription (RT) and 
«uorescenoe-based kinetic PCR (Taqman) to determine the mRNA levels of 
hAQ-2R in normal breast tissues, ductal carcinoma in situ (DCIS) tissues, primary 
breast tumors, and distant breast metastatic tissues. We observed that the 
nS- r 2^S.ane ^Pression significantly increased over seven-fold (p < 
0.0005) in five DCIS tissues and over nine-fold (p < 0.0006) in 24 primary breast 
tumor tissues compared to the average hAG-2R gene expression from 18 normal 
breast tissues. Eighty percent of the five immunohistochemically detected ER+ 
DCIS samples overexpressed hAG-2R (overexpression defined as > 2 standard 
deviations above the mean expression of normal breast tissue). Seventy-four 
percent of the 19 ER+ primary tumors overexpressed hAG-2R, and only one of 
the five ER-tumors overexpressed hAG-2R. The average hAG-2R gene expres- 
sion decreased over 17-fold (p < 0.004) in three breast liver metastasis compared 
to normal breast tissue. In addition, hAG-2R gene expression increased over 
45-fold in breast cancer metastatic to bone and was not changed in breast cancer 
metastatic to ovary compared to normal breast tissue. In a separate panel of 35 
node negative breast tumor tissues. 90% of 20 good outcome (indicated by no 
disease recurrence at five years) tumors overexpressed hAG-2R and 40% of 15 
bad outcome (indicated by disease recurrence at less than three years) tumors 
overexpressed hAG-2R. The average hAG-2R gene expression was four-fold 
higher in the good outcome tumors compared to the bad outcome tumors These 
results demonstrated significant differential gene expression of hAG-2R in differ- 
ent stage breast cancer tissues and the co-expression of hAG-2R and ER in DCIS 
and primary breast tumor tissues. These results suggest that in addition to ER 
hAG-2R may be another gene responsible for the phenotype of hormone-respon- 
sive breast cancer. Lastly, hAG-2R gene expression may prove to be a useful 
prognostic indicator for breast cancer. This work was supported by the DOD 

^chrund^n0-1-0633' the May° F"i0n' a"d 'he B— C« 

E^P:£ "Ul1baou ,ibroblast 9row'h 'actor in breast patients. Zhi- 
Ming Shao, Zhen-Zhou Shen, Liping Zhang, Maryam Sartippou^ Canhui Liu 

SÄ^anV°b,ert Pash0"' Helena Cha"9. *"d Mol Nguyen. Universityof 
pZAf5' Los Angeles, CA. and Fudan University Shanghai, China. 
n^Ä be

h
en shown lhat earlV detection of breast cancer saves lives, 

fofhrp^iln H been increasing interest in nipple fluid as a potential avenue 
l^f cancer diagnosis. Experimental Design: In this study, we measured the 

Snf h3 ,t
a,n9l09J!n,? faC'0r bFGF (baSic fibrob,ast 9™"h factor) in the nipple 

fluid of healthy subjects as well as patients with benign breast conditions, those 
at high risk for breast cancer, and patients with ongoing breast cancer Results- 

We found that high risk breasts (562 ± 755 pg/ml, p = 0.009) and cancerous 
breasts (870 ±1,848 pg/ml, p = 0.001) produced higher levels of bTORn nipple 

nn/J? Cr°^'SOn t0beni9n breasts (13" ± 401 P9/ml>-Witn a ^toff level of 150 
pg/ml of bFGF, sensitivity was calculated to be 75%, specificity 84%, and the 
correct diagnostic rate 82%. Conclusions: We conclude that nipple fluid bFGF 
may be useful in the diagnosis of breast cancer, and deserves further studies. 

fmmlh H.igh:'ev,el amplification of C-MYC is associated with progression 
from the msrtu to the mvasive stage of breast carcinomas. Els C. Robanus- 
Maandag Cathy A. J. Bosch. Petra M. Kristel, Augustinus A. M. Hart Tan F 
Faneyte, Petra M. Nederlof, Johannes L Peterse, and Marc J. van de Viive The 
Netherlands Cancer Institute, Amsterdam, Netherlands ' 

Carcinoma in situ of the breast is believed to be a genetically advanced 
precursor lesion for invasive carcinoma, since in situ lesions already demonstrate 
genomic changes found in invasive lesions. However, no specific genetic alter- 
ations have been identified so far that are associated with progression from the in 
s,tu to (he invasive stage. As most Invasive carcinomas also contain mlnsltu 
component, we compared the genetic alterations in the In situ and invasive 
component of the same tumor. Of 12 invasive breast carcinomas, we microdis- 
sected the invasive and adjacent in situ component, isolated DNA and performed 
comparative genomic hybridization. In some tumors, we observed a few distinct 
differences between otherwise identical genome profiles of both components 
suggesting that the number of genetic alterations involved in breast tumor oro- 
gression is limited. Further analysis of such a difference in one tumor by fluores- 
cence n* hybridization (FISH) revealed high-level amplification of C-MYC in 
the invasive component only. To investigate the frequency of this correlation we 
identified from a panel of 188 invasive carcinomas 18 cases with C-MYC ampli- 

nf^ 9- °f Wh'ch with an adiacent'" s'f" component. Using FISH, more than 5 
C-MYC signals per nucleus were found in 7 and C-/MYC/CEP8 ratios >4 were 
ound in 5 of 9 invasive components but not in any associated in situ component. 

With probes of 3 BAC clones derived from chromosome 8q the minimal amplified 
o9,l0^'n , Set of C-Mrc-amplified tumors was defined at 8q24.1-8qter 
C-MYC amplification was correlated with overexpression of C-MYC and two of its 
target genes, TERT and FBL. Thus, high-level C-MYC amplification is the first 
identified genetic alteration that is strongly associated with progression from the 
in situ to the invasive stage of breast carcinomas. 

#225 Hsp27, angiogenesis and cadherins in human breast cancer bioDsv 
samples. Manel A. Fanelli, F. Dario Cuello Carrion, Francisco E. Gago, Olga Tello 
mfo^f ^ -l°CCa' lns'itu,e ol E*Perimental Medicine and Biology of Cuyö 
EK' Argentina, and School of Medicine, National University of 
Cuyo (UNC), Mendoza, Argentina. ' 

Breast cancer is a heterogeneous disease and the correct identification of the 
patients who will have a poor prognosis is of clinical value to provide the best 
treatment options and to plan the follow-up. There are several pathological and 
molecular prognostic factors and it is clear that the combination of several of 
them will be necessary to discover the patients with poor prognosis, e.g those 
developing distant metastases. In the present study we have evaluated the 
prognostic significance of hsp27 in the blood vessels of breast cancer patients 
correlating its expression with that of: a) coagulating factor VIII (FVIII used to 

. measure angiogenesis), and b) cadherins (E-cadherin and P-cadherin) and beta 
Catenin. Cadherins are important molecules involved in cell-cell adhesion some 
o them, have been related with the prognosis of breast cancer. The study involved 
113 patients, 76 with a median follow-up of 5 years. The breast cancer biopsy 
samples were processed for immunohistochemistry. Hsp27 could be detected in 
the endothelium of small blood vessels as well as in the tumor cells, the number 
of hsp27-positive vessels was higher in the tumor areas with infiltrating lympho- 
cytes There was no correlation between the presence of hsp27-positive blood 
vessels and the amount of blood vessels positive for FVIII, FVIII was a better 
marker for angiogenesis. The expression of hsp27 in the blood vessels did not 
correlate with the development of distant metastasis, however, angiogenesis 
(FVIII) correlated with poor prognosis (p(0.02). Tumors expressing P-cadherin 
showed more hsp27-negative blood vessels (p(0.05). The presence of P-cadherin 
(but not E-cadhenn) in the membrane of tumor cells was associated with poor 
prognosis (p(0.02). In tumor cells, hsp27 did not correlate with P-cadherin ex- 
pression. Beta catenin content did not correlate with P-cadherin expression with 
disease prognosis. In summary, poor prognosis was seen in patients with P- 
cadhenn expression and with elevated angiogenesis. 

#,2^.6 Lipophilin B, lipophilin C, and ECM1, a new member of the utero- 
globin family, are overexpressed in endometrial and breast cancer. Susana 
Salceda, Anton Nguyen, Carey Drumright, Andrei Munteanu, Melinda Au Charts 

RanchlT'cT™ "' Kim' ^ R°bert° A' Ma°ina- diaDexus' lnc- Soutn San 

The members of the uteroglobin family are small, secretory proteins, whose 
physiological functions remain unclear. Using cDNA databases mining, we have 
identified a new member of the human uteroglobin family, which we have desig- 
nated ECM1 (Endometrial Cancer Marker 1). Alignment with data from the Human 
Genome Pro]ect, showed that ECM1 is located on chromosome 11 as has been 
described for other members of this family. ECM1 protein has 90 amino acids 
with a predicted signal peptide in its amino terminal. It shares 61 % similarity with 
lipophilin B, 34% with mammaglobin, and 31% with lipophilin C. Analysis of 
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gene banks) that contain respective MADSs and also currently using the whole BACs as FISH probes. 
Specific Aim 2: To determine if the BACs containing MADS have inhibitory effect of metastasis using functional studies. Highly 
metastatic MDA-MB-435 human mammary carcinoma cells will be transfected with the retrofitted BACs containing MADS of 
interest. In vitro and also an In vivo mammary SCID mouse model will be used to determine if the highly metastatic cell line 
transfected with the BAC/MADS changes to low or non-metastatic phenotype. 
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Principal Investigator/Program Director (Last, first, middle): Arinrv Patnaln Mnhan™ 

BUDGET JUSTIFICATION PAGE 
MODULAR RESEARCH GRANT APPLICATION 

Total direct costs for entire proposed period of support: $ 200,000 

Initial Period     Second Year 

$100,000 $100,000 

Personnel (Effort justification): 

P. Mohan R. Achary, Ph.D. Principal Investipator (50%): Dr. Achary's duties will include design, execution and 
analysis of the experiments. He will be responsible for the overall project work especially the work related to LCM FISH 
andI in vivo SCID mouse experiments, preparation of scientific presentations and publications. Dr. Achary will co-ordinate 

^^S:^^™* SUPerViSe ^ " — » — « - — 2U-tS 
SüÄ Ph*D' RK?e?rCh ASTiate (100%): °r- Zha° is higWy exPerie"^d in all the molecular biology techniques. 
O Rt PPP VeSP°nS 6 ,m™od™ichon "*** the direct supervision of the PI, Drs. Klinger and Jones. She will perform 
Q-Rt-PCR experiments and also will be responsible for ordering the supplies, maintaining the accounting and other records 
required for the project. Her efforts will be 100% but 30% of her salary is requested.       • 

Harold P. Klinger, MD, Ph.D. Coinvestigator  (10%):  Dr. Klinger will devote 10% of his time for this project His 

hTdTetw T°r ,SUPPw0r gCneS and hiS rCSidenCy training h path0l0gy wiI1 be very much useful f« this project He has done microdissection before on ovarian, breast and cervical tumors. He and Dr. Jones will guide the PI and the Research 
Associate in dissecting the tumor cells by LCM. Additionally he will help in the analysis of the data. 

Joan G. Jones, M.D. Pathologist (5%): Dr. Jones has experience as a senior surgical pathologist. She will reconfirm type 
and stage of cancer specimens received from CHTN and other sources and also identify right specimens to be used for 

^CIISTLCM   W1S f'^"1; ShC al°ng Wi* Dn KlingCr Wm gUidC °rS- Achary and Zha° in the -icrodLclo tumor cells by LCM. 5% of her salary is requested. 

Ü2ÜSINT SSa',Pf'D* Bi0iStatiStician ™: Dr" NeSassa wil1 ^ responsible to determine the sample size for screening 
patient samples and for interpretation of the data generated in our project. 5% salary is requested. 

Robert Rüssel Ph. D. Coinvestigator: Dr. Russell is the Scientific Director of Histotechnology and Comparative 
Pathology Facility m the Department of Pathology at AECOM. He will be responsible for microtomy of ductal mammary 
carcinoma tissues suitable for LCM and also for FISH studies. He will be also responsible for dissection and processing of 
the primary tumors, lymph nodes and lung material from the SCID mice to evaluate the metastatic potential of MADS. 

Permanent equipment requested: 

One Dell computer (XPS T550). 
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Biographical Sketch of P. Mohan R. Achary, Ph. D. 

NAME 

Patnala Mohan Rao Achary, Ph.D. 

POSITION TITLE 
Assistant Professor and Cancer Biologist 
Dept. of Radiation Oncology  

lo^ocIlal^htmrG {Begln WUh baCCalaUreate °r °ther initial Passional education, such as nursing, and include 

INSTITUTION AND LOCATION 

Berhampur University, India 
Berhampur University 

Calcutta University 
NIDDK/NIH, Bethesda, MD. 

DEGREE/DISTINCTION 
 Of applicable)  

B.Sc. (Hons) 

M.Sc. First Class (Second Position) 
Ph.D. 
Post Doc. 

YEAR(s) 

1974 
1976 

1987 

1994-'95 

FIELD OF STUDY 

Biology 

Cytogenetics 

DNA Replication 
Molecular Genetics 

CÄXSÄ™"ivee„Herpttbfcato Peni«„ »,hls appiiratio„. ]f„,c ,isl ofpul)fc,tions-in ^S^r^r^ 

Professional Experience: 
1994-95: Guest Scientist, NIDDK, NIH, Bethesda, MD. 
1995-97: Research Associate, Dept. of Radiation Oncology, Albert Einstein College of Med Bronx NY 
1997-98: Instructor, Dept. of Radiation Oncology, Albert Einstein College of Medicine Bronx, NY ' 
1998- to-date: Cancer Biologist, Dept. of Radiation Oncology, Montefiore Medical Center Bronx NY 
1999- to-date: Assistant Professor, Dept. of Radiation Oncology, Albert Einstein Coll. of Med., Bronx, NY. 

Awards: 
1. Scientist award by C.S.I.R. (Govt. of India) in 1987 (1987-92). 
2. Research Scientist - 'A' award by U.G.C. (Govt. of India) in 1988 (1988-98). 
3. Travel Fellowship award by C.S.I.R. to Germany in 1991. 
4. Fellow award of Zoological Society of India (FZS) in 1993. 
5. Guest Scientist Award by The Foundation for Advanced Education in Sciences, USA, in 1994 (1994-95) 
6. IDEA Award (US Army Breast Cancer Research Program) in 1999 (1999-03). 
7.1. H. P. Klinger Fund award in 2001 (2001 -04). 

Teaching and Research Supervision: 
Teaches medical residency fellows in the Department of Radiation Oncology, MMC/AECOM (1998- to-date)- 
Supervises residents of Radiation Oncology and summer students from different institutions (1997-to-date).   ' 

Membership in Scientific Organizations: 
1. American Association for Cancer Research (Active); 2. Radiation Therapy Oncology Group (Active)- 
3. American Society for Therapeutic Radiology and Oncology (Associate); 4. Member, RTOG cervical 'tumor committee 
5. American Association for the Advancement of Science (Active); 6. Indian Society for Cell Biology (Life) 
7. International Cytogenetics and Genome Society (Life) 

Reviewer of scientific journals and grant Foundations: 
1. Cytogenetic and Genome Research (Editor); 2. Gynecologic Oncology (Reviewer) 
3. American Journal of Pathology (Reviewer); 4. Foundation of Ohio Cancer Research Associates (Grant Reviewer) 

Research protocols: 

LwvTltl^ MTT 
ISOlf°n °/n0Vel genCtiC leSi°nS in CanCer patielltS ^'representational difference analysis of archival tissues (i. Molecular markers of metastasis in ductal mammary carcinoma), AECOM CCI# 96-119 

2. Principal Investigator: An In Vivo mouse model to study metastasis in breast cancer, AECOM AIC protocol* 000611 
3. Co-Pnncipal Investigator (P.I: Dr. Joseph A. Sparano): Molecular Basis for Metastasis and Resistance to Hormonal 
Therapy ,n Early Stage Breast Cancer: ER-alpha Mutations, Caveolin-2 Mutations, and Metastasis Associated Genes 
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Principal Investigator/Program Director (Last, first, middle): Acharv Patnal« MnhMwn 

Research Projects and grant Support: 
. 1. Principal Investigator (50%): "Molecular Markers of Metastasis in Ductal Mammary Carcinoma"- 

Agency: US Army Breast Cancer Research Program; Type: Idea grant (BC 980731); Duration: August, 1999-July 2002 
2. Principal Investigator: Awarded a fellowship by L EL P. Klinger Fund (AECOM) for three years to 
hire a post-doc. to work on breast and cervical cancer research projects in P. I's (Mohan Achary) lab 
Duration: 2001-2004. y) 

Research Presentations and Publications (Last 3 vearsl: 
I. Selected presentations and invited talks in the past 3 years- 
1. P. Mohan R. Achary, R. Khaimov, Z. Fan and B. Vikram, Isolation of Molecular markeis of metastasis in mammary 
carcinoma. Proceedings of the 89th Annual AACR meeting, New Orleans, LA. March28th-APril 1st 2001 
2. P. Mohan R. Achary, B. Mukherjee, Z. Fan, P. Mahadevia and B. Vikram (1999). Search for novel   ' 
molecular markers to identify patients with breast cancer at high risk for developing metastasis using Representational 
difference analysis. 90th Annual AACR meeting, Philadelphia. Proceedings of the AACR, April 10-14 1999 40-431 
3^ P. Mohan R. Achary, Gene expression markers in cervical carcinoma, Semi-annual meeting of the Radiation Theraov 
Oncology Group, Philadelphia, June 26th, 1999. merapy 

trdn^T \ rChaiy' ];^T' H- Ü" Klingei'3nd B- Vikram (1"9)- CDNA microamy S£ne exPression analysis of cervical carcinoma cell lines with different degrees of radiosensitivity. Proceedings of conference on "Prediction of Tumor 
Response to Therapy " at McGill University, Montreal, Canada, October, 8-9,1999 Pg 9 
5r D H°!T «AdTy' N!0¥!'

Cular markers of breast metastasis and cervical carcinomas' Faculty meeting of the Department 
of Radiation Oncology, AECOM/MMC on January 3rd, 2000 eparuneni 

tl Sr^' AC!T' J" WTe'/- P- Klinger and a Vikram (2000)- Gene eXPression analysis of ce™a> ^rcinoma cell lines with different degrees of radiosensit,v.ty by cDNA microarrays. Intl. Conference on Translational Research and 
Strategies in Clinical Radio-Oncology, March 5-8th, 2000. Switzerland. Int. J. Radiation Oncology Biol. Phys. 46-736 
7^ R. Khaimov, E. Gross, J. Liu, J. B. Vikram, and P. Mohan R. Achary,. Identification of gene expression profile in a highly 
metastatic breast carcinoma cell line by cDNA microarray method. 91st Annual AACR meeting, April 1- 5   2000 
Proceedings of the American Association for Cancer Research. 41- 431 ' 
8 P. Mohan R. Achary, J. Wayne, E. Gross, R. Khaimov, H. P. Klinger and B. Vikram, Gene expression profiles in 
radioresistant cervix cancer cell hues by cDNA microarray. 91st Annual AACR meeting, April 1- 5, 2000, San Franscisco 
Proceedings of the American Association for Cancer Research. 41: 709. 
9. P. Mohan R. Achary, Molecular markers of cervical tumor cell lines sensitive to radiation and cisplatin, The 8th meeting of 
the New York Human Genetics Club, Memorial Sloan-Kettering Cancer Center, October 14th 2000 
10. P. Mohan R. Achary, Molecular markers of breast metastasis and cervical carcinomas,' Faculty meeting of the 
Department of Radiation Oncology, AECOM/MMC on January 6th, 2001. 
11 P. Mohan R. Achary, Molecular markers of breast metastasis and cervical carcinomas, in the Genetics Research Unit 
Calcutta University, India on May 15th, 2001. 
12. Zhao H, Fan Z, Herbst L, Breining D, Jones JG, Mahadevia PS, Klinger HP, Vikram B, P. Mohan R. Achary. A candidate 
metastasis assorted genehc marker for ductal mammary carcinoma. 93rd Annual AACR Meeting at San Francisco 
caiitornia Proceedings of American Association for Cancer Research, April 6-10,2002, (Abstract # 220) 
13. P. Mohan R. Achary. Impact of Human Genome Project on Breast cancer research. Norfolk State Univ., June 15,h, 2002. 

n. Selected Publications (last 3 years): 
1. P. Mohan R. Achary, W Jaggernauth, E. Gross, A. Alfieri, H. P. Klinger and B. Vikram (2000). Cell lines from the same 
cemcal carcinoma but with afferent radiosensitivities exhibit different cDNA microarray patterns of gene expression 
Cytogenetics and Cell Genetics 91: 39-43. cAPic»ion. 
2. L. H. Herbst, R Chakrabarty, P. A. Klein, and P. Mohan R. Achary, (2001). Differential Gene Expression Associated with 
Tumongenicity of Cultured Green Turtle FP-Derived Fibroblasts. Cancer Genetics and Cytogenetics 129: 35-39 

mttl in";!173"; l MOlTn R Achar>\?' M- Stewart>l D- Goldbe% ^d E.M.R. Rosen, (2001) Altered gene'expression 
pattern m cultured human breast cancer cells treated with hepatocyte growth factor/scatter factor (HGF/SF) in the setting of 
DNA damage. Cancer Research 61: 8022-8031. =><=u.iuS 01 

III. Submitted Manuscripts: 

1. P. Mohan R Achary Zhao H, Fan Z, Herbst L, Mahadevia PS, Jones, J. Klinger HP, Vikram B. A candidate metastasis 
associated DNA marker for ductal mammary carcinoma. Breast Cancer Research. 
2. B. M Sood, P. Mohan R. Achary, M. Fazzari and B. Vikram. The predictive value of gross residual disease after high- 
dose rate bachytherapy in locally advanced carcinoma of the cervix. Cancer. 
3. B. Mukherjee, H. Zhao, B. Parashar, B. M. Sood, P. S. Mahadevia, H. P. Klinger, B. Vikram, P. Mohan R 
Achary. Microsatellite dinucleotide (T-G) repeat: A candidate marker for breast metastasis. International Journal of Pathology. 
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Principal Investigator/Program Director (Last, first, middle): Arh™ Pat1iala Mnhwnmn 

BIOGRAPHICAL SKETCH 
Provide the following information for the key personnel in the order listed on Form Page 2 

— Photocopy this page or follow this format for each person 

NAME 

Hui Zhao 
POSITION TITLE 

EDucATinMm^N.Nr/p   ■    *.* r  '        Research Associate, Dept. of Molecular Genetics 

buu"uION™A,N= 

China Agricultural University, China " 
China Agricultural University, China 
Chinese Academy of Sciences, Institute of Genetics, 
China 

DEGREE 
(if applicable) 

B.Sc. 
M.Sc. 
Ph.D. 

YEAR(s) 

1993 
1996 
1999 

FIELD OF STUDY 

Horticulture 
Plant Biotechnology 
Molecular Genetics 

Postdoctoral training: 

JoSH?• Pnc! n°0, p °leoUlar Bi^9y lnStitUte' University of California- Los An9eles. California 
ICSSA ;   f    °D

C' fyf Research lnstltute. University of North Texas Health Science Center at Fort Worth  Texas 
2001.4- to-date: Post Doc, Dept. of Molecular Genetics and Radiation Oncology, Albert Einstein College> oi'Äe. NY. 

Research Experience: 

Experienced in routine molecular biology techniques, gene transformation, gene knockout library screenina 

^SSS^S^^ An3lySiS (RDA)' LCM' CDNA miCr°array- Gen°me Walkin9'in ■Ä^ZH^My cum 
August, 1989-July, 1993: 
The influence of defoliating, defruiting and spraying GA3 on the flower formation of Peach trees. 

August, 1993-July, 1996: 
The study of the transformation of Bean chitinase gene into Apple Rootstock (Malus micromalus) 

August, 1996 - September, 1999: 

o SSJl"9 the Pfomoter,se?uence of ubiquitin gene in Pea infected by Pea seed-borne mosaic virus 
2. cDNA gene cloning of wheat chromosome-binding protein 
3. Genetic and physiological analysis of Wheat ribonucleases 

October, 1999 - September, 2000: 

D^SJtSnl!?^ta?!Ular 9enetiC St^die,S °f en2ymeS and proteins invo,ved in the structure and ^Plication of kinetoplast 
k^kÄ In EC0"' PUrifiCati°n and enZyme ^racterization, site-directed metagenesis, get^ 

October, 2000 - March, 2001: 
Transgenic models of ocular diabetic complications 

April, 2001- present: 

Isolation and characterization of genes involved in the metastasis of breast carcinoma (by RDA and cDNA microarray) 

Teaching Experience: 

uareaSiy.994"DeCember' 1"4: TeaChing ASSiStant f0r under9^duate students (Biology) in the China Agricultural 

Awards and Honors: 

(CAU)0"1 "3 AWard6d firSt'daSS sch0,arshiPfor the t0P 2% of outstanding undergraduates in China Agricultural University 

\ iSSÜ ISS?? ■ EXoelient Guld^te Student"(rendered t0 the t0P 5% of outstanding in the graduate school CAU) 
A   QOT" So iUni0r Research Fellowship supported by National High Tech Fund ' 

5 IMQ'JSS KS«?8^ Fel,°w|hip by ChineSe Academy of Sciences Foundation (K295T-02-02-17) 5.1999-2000 Postdoctoral Research Fellowship from NIH Grant (GM53254) 
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Principal Investigator/Program Director [Last, first, middle): Arfinrv Patna1a Mnhwa„ 
• 6. 2000-2001 Postdoctoral Research Fellowship from NIH/NEI Grant (EY05570) 

7. 2001 -04 Postdoctoral Research Fellowship by Klingers' Foundation 

Other Support 

1. Active : 

P.I.: P.M.Achary Ph.D. 
Duration: 2001-2003 
Agency: Wingers' Foundation, NY. 
The long-term goal of this position is to study breast metastasis and radioresistance in cervical carcinomas. 

2. Pending: 

Title: Markers of Metastasis in Ductal Mammary Carcinoma 
P.I.: P. M. Achary Ph.D. 
Duration: 2003-05 
Agency: NIH; Type: R-21; Effort: 30% 
The long-term goal is to isolate and characterize genetic markers associated with breast metastasis. 

Publications: 

ÄÄ' Ac^eSgfsS °f ^ ^ ^ "*> ^ ™* ^ 
%h^lLnanL"joaUg °u  ^s'0™9 and expression of protein coding sequence in SMV genome: 
pP£P

a
h°9 enef 'I Research and Prevention", Selected Works of the Annual Symposium and VI Congress of the 

Phytopatho.og.cal Society of China, Edited by Liu Yi 1998, China Agricultural Science and TechnologJp?ess Pgs: 686- 

L^ch?oio^ya79^5395979) ***** ^^ '" ^^^ ** ^^ °f ^ P°tyVJral HC'Pr° pr0tein- Pro9ress in 

fsoÄ RTZPCR HcDNA ~™^5 & V™9" Ti-1"9) M°'eCU,ar characte^ation of a Chinese soybean mosaic virus 
4^1 (9) 932S5 q yS'S 3     d'reCt exPression of PCR Prod^ts in Bacteria. Acta Botanica Sinica, 

re^efes^^Z S, ^ÄT^ °" * 9r°UP °f '°W m°,eCU'ar W^ht RNases in wheat and 

-AS SSS and gap fil,ina on a ™de« "*** ««*"" 
7. Cammarata PR, Zhao H, Guo Z, Brun AM.   Expression of chloride channel and pICIn in human lens eoithelial cells 
Assertion for Research in Vision and Ophthalmology, 2001 Annual Meeting, FortLauderda*™RoS?, A$29 May 4, 

L^a,° H' A30 Z'- Mu
J

kllerJee B- Herbst •-• J°nes J, Klinger HP, Vikram B and P. Mohan R. Achary Characterization of 

December 4lhS°2C00ied ^ SeqU6nC6S '" ^ Carc,noma- Fifth Amual Einstein ^oS^l*Z^, 

9. Zhao H, Fan Z Herbst L, Breining D, Jones JG, Mahadevia PS. Klinger HP, Vikram B P M Acharv  A candid^ 
metastasis associated marker for ductal mammary carcinoma. 93rd Annual AACR Me^^nq San Frandsco £   L nf 
American Association for Cancer Research, April 6-10, 2002, (Abstract #220)! Francisco, Proceedings of 

mar^
hfaryrM; f ha° H' Fan Z' Herbst L' Mahadevia pS. linger HP, Vikram B. A candidate metastasis associated DNA marker for ductal mammary carcinoma. Breast Cancer Research, Submitted. merasrasis associated UNA 

in.^H^/r^^30 H: Parashar B' Sood BM' Mahadevia PS, Klinger HP, Vikram B, Achary PMR (2002) Microsatellite 
dinucleotide (T-G) repeat: A candidate marker for breast metastasis. Internationa! Journal of PatholifsubrnTed 
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Principal Investigator/Program Director (Last, first, middle):. Acharv Patnala Mohanrao. 

BIOGRAPHICAL SKETCH 
Provide the following information for the key personnel in the order listed for Form Page 2. 

Follow the sample format on preceding page for each person. DO NOT EXCEED FOUR PAGES. 

NAME 

Robert G. Russell 

POSITION TITLE 

Associate Professor 

EDUCATIONH-RAINING (Begin with baccalaureate or other initial professional education, such as nursing, and include postdoctoral training.) 

INSTITUTION AND LOCATION 

University of Melbourne 
University of Melbourne 
University of Saskatchewan 

DEGREE 
(if applicable) 

BVSc 

MVSc 

PhD 

YEAR(s) 

1963 
1973 
1975 

•1968 
■1975 
1979 

FIELD OF STUDY 

Veterinary Medicine 
Virology 
Pathology 

1973-1975 
1975-1979. 
1979-1984. 
1984-1988. 
1988-1998 

A. POSITIONS AND HONORS. 
1969-1975.     Veterinary Medical Office, Veterinary Research Institute, Dept. of Agriculture, Victoria, 

Head, Microbiology Unit for Reproductive Bacteriology. 
Post-doctoral Fellow. Western College of Veterinary Med., Univ. of Saskatchewan 
Assistant Professor, Dept. of Pathology, University of Tennessee. 
Assistant Professor, Division of Animal Medicine, University of Washington 
Research Associate Professor, School of Med., University of Maryland. 

1989-1999 Veterinary Medical Officer, Baltimore Veterans Administration Medical Center. 
1999-present   Associate Professor, Department of Pathology, Albert Einstein College of Medicine. 

HONORS:     Gold Medal, Dookie Agricultural College, Australia, 1967 
Phi Zeta, University of Tennessee. 1982. 

BOARD CERTIFICATION:   American College of Veterinary Pathologists 

MEMBERSHIPS: National Cancer Institute. Mouse Models of Human Cancer Consortium. 
Pathology subcommittee and gastrointestinal organ-site subcommittees. 1999-2001. 

RESEARCH SUPPORT: 
ONGOING: 

P30CA13330-30. I David Goldman (P.I.)  7/1/01-7/31/06 
NIH/NCI $19 million 
Histopathology Budget (year 1): $113,765 
Title: Cancer Center Support Grant 

The major goals of the Cancer Center grant is to provide the infrastructure to for support of clinical and basic research 
programs and shared resources that sustain and benefit the overall research goals of the Comprehensive Cancer Center. Within 
this program, as director of the Histopathology Facility I administer the histology laboratory and the comparative pathology 
resource to support cancer studies in genetically engineered mice. No overlap with this grant in which I will provide 
collaboration for specific cancer-related research. Effort 30%. 

1 ROl HL 689622. R. Nagel (PI)   9/30/01 - 7/31/06 
NIH $2,974,266 
Title: Pleiotropic and epistatic effects in sickle cell anemia 
The major goals of this project are to identify genes involved in the vaso-occlusive and vaso-proliferative processes in sickle 
cell-mediated disease in mouse models, particularly lesions in the retina, choroid and in cerebrovascular complications. Dr 
Russell provides gross pathology and histopathology support to identify and characterize the pathophysiology in various animal 
models including necropsy examination, histology, cytology of bone smears and hematocrit analyses. Effort 15%. 

PENDING: 

P.I.:   R.Pestell.   Anticipated Funding Period: 12/01/02-11/30/03 
NIH Direct Costs First year: $1,292,988; Total Costs 5 years $10,273,000. 
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Principal Investigator/Program Director (Last, first, middle): Acharv Patnala Mohanrao. 

■     .   ' Title: Transgenic Analysis of Breast Cancer Onset & Progression 

The major goal of this Program grant is to investigate the key molecular events controlling the onset and progression of 
mammary tumongenesis. The program involves four projects and four supporting cores. The projects will investigate the role 
of cyclm Dl m regulating nuclear hormone receptor function, the role of cav-1, the role of BRCA1 and the interactions between 
mammary adipose tissue and tumorigenesis. Dr Russell as Director of the Histopathology Facility will administer the 
histology laboratory and the comparative pathology resource to support the cancer studies in genetically engineered mice He 
will provide pathology expertise for evaluation and classification of the models. No overlap with this grant in which I will 
provide collaboration for specific cancer-related research. Effort: 15%. 

P.I. N. Barzilai, (Program Director)     09/30/02-08/30/07 
NIH/ NIA-PPG $1,423,350 (First year); (Total Direct Cost) 
Title: Excess Nutrients and the Metabolic Syndrome of Aging. 
We hypothesize that aging is characterized by a decline in hypothalamic function leading to a relative or absolute increase in 
energy intake, Increased fat mass and impaired regulation of fat distribution. While theeffects of increase of nutrients leads to 
changes m adiposity and its distribution, we will attempt to assess the impact of each of these individually with aging. Dr. 
Russell as Director of the Histopathology Facility will on these studies. Effort 5%. 

PUBLICATIONS, (selected). 
Russell, R.G., Kiehlbauch, J.A., Sarmiento, J.I., Panigrahi, P., Blake, D.C. Jr. and Haberberger, R. Ribosomal RNA patterns identify 
additional strains of Campylobacterjejuni and C. coli among isolates serotyped by heat-stable and heat-labile antigens H994) Lab 
Anim. Sei. 44:579-583. 

Barnes G.M., Delaney, P.A., Gheorghiu, I., Mandava, S., Russell, R.G., Kahn, R and Mackenzie, C. F. (1997). Respiratory impedances 
and acmar gas transfer in a canine model for emphysema. J. Appl. Physiol. 83:179-188. 
Furth P.A., Bar-Peled, Ud., Li, M., Lewis, A., Laucerica, R., Jager, R., Weiher, H and Russell, R.G. (1999). Loss of anti-mitotic effects 
of Bcl-2 with retention of anti-mitotic activity during tumor progression in a mouse model. Oncogene 18' 6589-96 
Hondalus.M.K., Bardarov, S., Russell, R.G., Chan, J., Jacobs, W.R., and Bloom, B.R. (2000). Attenuation and protection induced by a 
leucine auxotroph of Mycobacterium tuberculosis. Infect. Immun.68: 2888-2898. 
DeSousa, A., Mazzaccaro, R.J., Russell, R.G., Lee, F.K., Turner, O.C., Hong, S., Van Kaer, L. and Bloom, B.R. (2000). Relative 
contributions of distinct MHC class I-dependant cell populations in protection to tuberculosis in mice. PNAS 97- 4204-4208 
Si A"' Saint'Jore'B> Merscher, S., Russell, R.G., Cherif, D., Sirotkin, H., Xu, H., Factor, S., Kucherlapati, R., Skoultchl, A.I. 
(2000). Normal Cardiovascular Development in Mice Deficient for 550kb of the Velo cardio facial/diGeorge Syndrome Region. PNAS. 

Lu, Y., Lian, H., Sharma, P., Schreiber-Agus, N., Russell, R.G., Chin, L., van der Horst, G. and Bregman, B.B. (2001). Disruption of 
the Cockayne Syndrome B gene impairs spontaneous tumorigenesis in cancer-predisposed Ink4/ARF knockout mice. Molec. Cell. Biol. 
21:1810-1818. 

Merscher, S., Funke, B., Epstein, J.A., Heyer, J., Puech, A., Lu, M.M., Xavier, R.J., Demay, M.B. Russell, R.G., Factor, S., Tokooya 
K., St. Jore, B., Lopez, M., Pandita, R.J., Lia, M., Carrion, D, Xu, H., Schorle, H., Kobler, J.B., Scrambler, P., Wynshaw-Boris A 
Skoultchl, A., Morrow, B., and Kucherlapati, R. (2001). TBX1 is responsible for cardiovascular defects in Velo-Cardio-Facial/DiGeorse 
Syndrome. Cell 104:619-629. 
Lin E.Y. Nguyen, A.V., Russell, R.G., and Pollard J.W. (2001). CSF-1 promotes the progression and metastasis but not growth of 
primary tumors in a mouse strain with spontaneous mammary cancer. J. Exp. Med. 193:727-739. 
Ryan, G.R., Dai, X-U., Dominguez, M., Tong, W., Chuan, F., M. Chisholm, O., Russell, R.G., Pollard, J., and Stanley E R (2001) 
Rescue of the Colony-stimulating factor 1 (CSF-l)-nullizygous mouse (Crfl0*1/ Csfl°») phenotype with a CSF-1 transgene and 
identification of sites of local CSF-1 synthesis. Blood 98:74 - 84. 
Zhao, R., Russell, R.G., Wang, Y., Liu, L., Gao, F., Kneitz, B, Edelmann, W. and Goldman, I.D. (2001). Rescue of embryonic lethality 
in reduced folate earner-deficient mice by maternal folic acid supplementation reveals early neonatal failure of hematopoietic organs J 
Biol. Chem. 276:10224-10228. '  ' 
Wang Y. Zhao R. Russell RG. Goldman ID. (2001). Localization of the murine reduced folate carrier as assessed by 
immunohistochemical analysis. Biochimica et Biophysica Acta. 1513:49-54. 
Fan Y., Sirotkin, A., Russell, R.G., Ayala, J., and Skoultchi, A.I. (2001). Individual somatic hi subtypes are dispensable for mouse 
development even in mice lacking the hi0 replacement subtype. Molec. Cell. Biol. 21: 7933-7943. 
Razani, B, Engelman, J.A., Wang, X.B., Schubert, W„ Zhang, X.L, Marks CB. Macaluso, F., Russell, R.G., Li, M., Pestell R G 
DiVizio, D., Hou, H. Jr., Kneitz, B., Lagaud, G., Christ, G.J., Edelmann, W. and Lisanti, M.P. (2001). Caveolin-1 null mice are viable 
but show evidence of hyperproliferative and vascular abnormalities. 
Xu-Ming, D., Ryan, G.D., Hapel, A.J., dominquez, M.G., Russell, R.G., Kapp, S., Sylvestre, V. and Stanley, E.R. (2002). Targeted 
disruption of the mouse colony-stimulating factor 1 receptor gene results in osteopetrosis, mononuclear phagocyte deficiency, increased 
primitive progenitor cell frequencies, and reproductive defects. Blood 99:111-120. 
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Principal Investigator/Program Director (Last, first, middle):                      Ar.harv Patnala MnWa. 

BIOGRAPHICAL SKETCH      ~ '  
Provide the following information for the key personnel in the order listed for Form Page 2 

Follow the sample format on preceding page for each person. DO NOT EXCEED FOUR PAGES. 
NAME "     POSITION TITLE ~ ~  

Harold P. Klinger, M.D. Ph.D. Professor of Molecular 

   Genetics and Pediatrics  
EDUCATION 

INSTITUTION AND LOCATION DEGREE 
YEAR CONFERRED FIELD OF STUDY 

Harvard College, Cambridge, Mass. B.A. 1952 B' 1 
University of Basel, School of Medicine, 

Basel, Switzerland M.D. ]959 ^.^ 

University of Basel, Division of Natural 

Sciences, Basel, Switzerland Ph.D 1963 Zoology 

RESEARCH AND PROFESSIONAL EXPERIENCE 
1943 -1952 Junior Research Assistant, Spinal cord compression studies, Department of Neurosureerv 
KMQ   ,OM Brooklyn Jewish and Flower Fifth Ave. Hospitals, New York Neurosurgery, 
]ltl' Q<? SÄ f *   ASea/Ch injCytology, Department of Histology, Harvard Biological Laboratories 
o^7 "  o.o Ve™ns}™tor m Anatomy, Department of Anatomy, Basel, Switzerland 

1957 -1959 Resident. m Pathology Department of Pathology, University of Basel, Switzerland and Research 
iQ*n   1Q« R^T RoÄ ^Foundation and Swiss National Cancer Institute Kesearcn 
1960 -1963 Dwctortf the Cytogenetic Research Unit of the Dept. of Anatomy of the Univer. of Basel, 

1962- Founder and  Chief Editor of the journal  CYTOGENETICS  AND  TFT T   rFNTFTirc 
£d N"X"°

GENETIC
 
AND GtN0ME RESErcTpubHshtd by £ K^e^BaJe. 

Consultant and member Scientific Advisory Committee of the Ford Foundation 

;"; cÄÄtÄÄi,isionofGeneraiMedicai sdences 
Editor of several reports of the International Committee for Human Cvtoeenetic Nomenclature 
and ten International Human Gene Mapping Workshop reports ^genetic Nomenclature 
^ce

c
mäL°pNf °nal Wtate? of ?£alth Human Embryology and Development Study Section 

1968 rlSleJTOfnSOV 2f ?netlC
1
S-' Albert Einstein College ofMedicine, New York    Y 

1Q7? " Co-director of Genetic Counseling Clinic of Albert Einstein College ofMedicine 
i Q79 " Member Advisory Committee, The Population Council, Rockefeller University, New York 
197? " 1QRS    ?rfeSSOrr?-f M,0leÄ Genetics and Pedi*trics, Albert Einstein College of MedS 
0I7 " loll    l™&a™?mci°r> NIH sponsored Research Training Program in Medical Genetics 

1987 - 1995    Elected Executive Committee Member, International Workshops on Human Gene Mapping 
,nA1 presently a part of the Human Genome Organization (HUGO). 
2001 - Founder of INTERNATIONAL CYTOGENETICS AND GENOME SOCIETY (Co-Founder 

Prof. M. Schmidt; Supported by S. Karger, AG, Basel and New York). K     founder. 

Research Projects and grant Support: 

1. Co Investigator: "Molecular Markers of Metastasis in Ductal Mammary Carcinoma"; Agency US Army 
nJfSt ,rCei*ReSCarCh Pro8ram; TyPe: Idea g™t (BC 980731); Duration: August, 1999- July 2002 

2. Principal Investigator 50% effort "Support of Editorial Office - Cytogenetic and Genome Research Published 
by S. Karger, Basel Switzerland and New York. S. Karger AG Grant College No. 9526 - 9032 January 1 2002 - 
Indefinite termination Annual direct costs $145,000 

1963 
1963 -1967 

1965- 
1965- 
1965 -1995 

1967-1970 
1967-1972 
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. Selected Publications and recent presentations "        " "  

SB^- SCHWAE2ACHER, H.G, S« Arena»» in po.yploid nude, of tanan „rid. ^,helilm. Nature I81: 

O'HARA, B.M    KLINGER, H.P., CURRAN, T., ZHANG, Y-D., and BLAIR   DG" Level* of FDS   FTQ? m,i MV» 

?^T^'?'o?HA^,S:V-'KLINGER'H-P-'BLAIR'D-G.,RUBINSON,H DUNN KJ SASS P VTTFK <: M «^ 

^S^(SffiSaSÄ 3 hUman 8ene COnfOTÜlg SenSiÜVity t0 "Wi°n W A«™! Sfehft 
^?ÄL^G; M-'r

ED.DY- f > SH0WS> T.B., COPELAND.N.G, GILBERT, DJ   JENKINS NA   KLINGER HP   «nrf 
2,H^4 ^HT,°f thC hUman gCne all0wing hfection by Sibbon aPe le^ta Ä h^^aSÄSj 2ql l-ql4 and to the homologous region on mouse chromosome 2. J. Virol. 65:1743-1747 (1991). cnromosome region 

KAELBLING, M., BURK, R.D., ATKIN, N B   JOHNSON A R   a^inrafflp HB.I™,   fl. , 
17p and «utant p53 in HPV-negative cervical cäS™"LanS 340 UW42 O9J2) te<e™««'<y "> Chromosom« 

2^^2X123™'Hp- a"d MAKMAN-MR: A nove' "euro™'-"w* Ät™ f» °P» 
MULLOKANDOV M., KHOLLODILOV N.G., ATKIN N.B., BURK R D   JOHNSON A B  anri KT TNOFR w P • ^       ■ 
alterauons in cervical carcinoma:   Losses of chromosome heWoZ^oshyDanÄTmor\tus. QSS^&^SS 

Homozygous deletions and sequence analysis of FRA3B. HumVnMoSarGenetics 6 19?-^™7)     " Chr°mOSOme 3P13 

P. MOHAN R ACHARY, J WAYNE, E. GROSS, R. KHAIMOV, H. P. KLINGER AND B VIKRAM Gene exnre«,™ 
profiles in radioresistant cervix cancer cell lines by cDNA microarray. 91st Armual AACR meetin^nril 15 2000 S 
Franscisco. Proceedings ofthe American Association for Cancer Research 41-709 &    P '        ' S " 

ä3^S^£3Eg2&5£S3r»«» 
I. CASS, MULLOKANDOV M, FIELDS AL,KUO DY, ANDERSON PS RUNOWIC7 m KT TNrtFR UP- AII-I-  I A 
mictosattehte instability in ovarian carcinoma. Cancer Res. (In press, 2002) KUNUWICZ CD' K^GER HP. Allehc losses and 

-=,aÄ^ 

|£^Ä2a.v%£ fÄpe irsr« tat ää 'ää-AäSS 
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Principal Investigator/Program Director (Last, first, middle): Acharv Patnala Mohanran. 

BIOGRAPHICAL SKETCH 
Provide the following information for the key personnel in the order listed for Form Page 2. 

Follow the sample format on preceding page for each person. DO NOT EXCEED TWO PAGES. 

NAME 

JOAN G. JONES, M.D. 
POSITION TITLE 

DEPUTY DIRECTOR. ANATOMIC PATHOI DRY 

EDUCATION (ttegm with baccalaureate or other initial professional education, such as nursing, and include postdoctoral 
training.) 

INSTITUTION AND LOCATION                   DEGREE YEAR CONFERRED    FIELD OF STUDY 

POMONA COLLEGE                                         B.A. 

CLAREMONT GRADUATE SCHOOL                          M.A. 

OCCIDENTAL COLLEGE 

COLUMBIA UNIV. SCHOOL OF GENERAL STUDIES 

ALBERT EINSTEIN COLLEGE OF MEDICINE               M.D. 

1969                                FRENCH LITERATURE 

1971                                    EDUCATION 

1972-74                             PSYCHOLOGY 

1978-80                                            PREMED 

1984                                 MEDICINE   ' 

RESEARCH AND/OR PROFESSIONAL EXPERIENCE: Concluding with present position, list in chronological order previous employment, experience and honors 
Key personnel include the principal investigator and any other individuals who participate in the scientific development or execution of the project Key 
personnel typically will include all individuals with doctoral or other professional degrees, but in some projects will include individuals at the masters or 
baccalaureate level provided they contribute in a substantive way to the scientific development or execution of the project. Include present membership on 
any Federal Government Public Advisory Committee. List, in chronological order, the titles and complete references to all publications during the past 
three years and to representative earlier publications pertinent to this application, DO NOT EXCEED TWO PAGES. 

Postgraduate Training: (selected) 

1984-88 Resident, Anatomic Pathology, Albert Einstein College of Medicine 
1986-88 Chief Resident, Department of Pathology, AECOM 

Professional Employment: 

1988    Assistant Professor, Department of Pathology, AECOM 
1993 Associate Professor, Department of Pathology, AECOM 
1997 Associate Professor, Department of OB/GYN & Women's Health 
1998 Professor, Department of Pathology, AECOM 

Hospital Appointments: 

1988 Attending, Surgical Pathology, Bronx Municipal Hospital Center 
1990 Attending, Surgical Pathology, WHAECOM 
1994 Co-Director, Anatomic Pathology, WHAECOM 
1997 Deputy Director, Anatomic Pathology, WHAECOM 

Awards and Honors: 

Alpha Omega Alpha 
Samuel M. Rosen Outstanding Teacher Award 
President, Leo M. Davidoff Society (1995-98) 

Grant Support: 

Title:     Molecular markers of metastasis in ductal mammary carcinoma.   Supporting Agency:  U.S. Army   Investigators 
~™ ?™?:   P- M- Achary' P-L (100%)' B- Mukhopadhyay, CO/P.I. (20%), H. P. Klinger, CO/P.I. (10%), B. Vikram 
CO/P.I. (5%), J. Jones, Investigator (10%), C. Fann, Statistician (2%). 1999-2002. 

We:     FISH & CHIPS: Single cell expression of cancer genes. Supporting Agency: NIH. Investigators and % effort- R H 
J^Ser PI (10%), G. Childs (5%), J. Condeelis (5%), W. Edelmann (5%), B. Wenig (5%), L. Augenlicht (5%), J. G. Jones 
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Principal Investigator/Program Director (Last, first, middle): Ar^ry Patmla MnWan 
me.   , Novel imaging methods for gene discovery in cancer.   Supporting Aqency NIH    Investierte ann 0/   'Lnrt.    , 
Condeelis Pj. (20%), J. E. Segal, Co P, (5%), J. Pollard Co PI (5°I)P J. G' Jo'nes Co PI (ITOeS - years *Ä£ 

Publications: (Selected) 

^a^^^:^4^S,^Wiernik PH-   Uni^ue *""*-OB.oa. complication of rhM-CSF treatment. 

UrlSr.w^i?nKfSiGA' Fleisch?a™ J- Management of recurrent penile cancer following partial of total penectomv 
Urologie Clinics of North America Vol 21 (4), Guest ed. Martin L. Resnick, Philadelphia: 729-737,1994 Penect0™y- 

SiSth.w°' KTH DY^' An,derS?n PS' G0ldberg GLl DeVictoria CL, Babcock CA, Jones JG, Runowicz CD Stanley ER 
Pollard JW. The role of colony stimulating factor-1 and its receptor in the etiopahogenesis of endomefrlai 
adenocarcmoma. Clinical Cancer Research ircvai:a.3?n -IQQ»; H    .uyenes.s  or enaometriai 

(4) Tobias DH, Smith HO, Jones JG, Anderson P, Runowicz CD, Goldberg GL. Cutaneous metastases from sauamous 
cell carcinoma of the vulva. EurJ.GvnaecOnr.nl 16(5):382-386, 1995. meiasrases Trom squamous 

(5) Segall JE, Tyerech S, Boselli L, Masseling S, Heift J, Chan A, Jones JG, Condeelis J. EGF stimulated lamellood 

E^fiS^^"* aden°CarCin0ma Cel,S bv an -tin-dependint mechanism.  (g^affäiS^ 

(6) Comerci JT, Jones JG, Fields AL, Runowicz CD, Goldberg GL. Squamous cell carcinoma in a mature cvstic teratoma 
in a young woman: a diagnostic and management dilemma. Eur J Gvnaec Oncnl 17(6):501-503,1996 

i7n ^^!T,HWy?°^-VeUnfl Y'G' Wang Yl Stanley ERl Jones JG- Segail J- Condeelis J- Elongation factor-1a is 3996     6XpreSSed aCtin b,nding protein in a metastatic rat mammary adenocarcinoma.  J Cell Science 109:2705-2714 

2) Mn°D? Y"S" MaNiCk S' Shen ?"J' DeVictoria C- Jones JG- Fields AL, Goldberg GL, Runowicz CD, Horwitz SB Analysis 
of MDR1 express.on ,n normal and malignant endometrium by reverse transcription-polymerasechain reaction and 
immunohistochemistry. CJinCancexRes 2:1981-1992, 1996. puiymercse cnain reaction and 

(9) Mukherjee T, Abadi M, Tsai T, Copperman AB, Jones JG, Levgur M The effect of nroionaPri OnRH anlief 
administration on uterine leiomyomata histopathology. J Gvnecol Sum 12:251-256,1996 9 

il?ü?hn?lan,C; J°nes-JG-Kress Y-Abadi M. Adenosarcoma of the uterus with extensive smooth muscle differentiation- 
Ultrastructural study and review of the literature. Ultrastructural Pathology 21:73-79,1997. ainerentiation. 

Ill tamnviLVa0"68 JG' Rel? AL' Runowicz CD- Goldber9 GL Endometrioid adenocarcinoma of the ovary and long 
term tamoxifen therapy: A coicidence or a cause for concern? Eur JGvn Oncnl 18:457-460, 1997. 

liSTSm«« t^r0ff J' RiV6ra i Lee H' Sega"J> p0ndeelis Jl Jones JG" Ce" motilitv of tumor cells vitalized in a living intact primary tumor using green fluorescent protein. Clin Cancer Res 58:2528-2532,1998. 

(13) Shestakova E Wyckoff J, Jones JG, Singer RH, and Condeelis J. Correlation of B-actin messenger RNA localization 
with metastatic potential in rat adenocarcinoma cell lines. Cancer Research 59:1202-1205,1999 localization 

(14) Anderson P Smith H, Jones JG, Goldberg G, Fields A, Runowicz C and Pollard W. Colony-stimulating factor-1 
and its receptor do not have a role in the pathogenesis of uterine sarcomas. Gyn Oncol 72 (2): 202-207 1999 

"^ctcLÄ J4O8
n7!4S90G19^

lignant brenner tUm0r mimiCking a Prima^ S«uamous ce" 

(16) Sheshtakova EA Wyckoff J, Jones J, Singer RH, Condeelis J. Correlation of B-actin messenger RNA localization 
with metastatic potential in rat adenocarcinoma cell lines. Cancer Res 59:1202-1205,1999 S6nger KNA l0cal,zatl0n 

^"^R^^^V^ Se9a" J"  '" ViV° 3na'ySiS °f intrava^°n ^s the rate limiting step in metastasis. 
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BIOGRAPHICAL SKETCH 

Provide the following information for the key personnel in the order listed on Form Page 2 
     Photocopy this page or follow this format for each person.  ' 

NAME 
Abdissa Negassa 

POSITION TITLE 

^,^Sa_, ,^^J^~^3£r^™^ 
INSTITUTION AND LOCATION 

Addis Ababa University, Addis Ababa, Ethiopia 
McGill University, Montreal, Canada 
McGill University, Montreal, Canada 

DEGREE 
(if applicable) 

B.S. 
M.S. 
Ph.D. 

YEAR(s) 

1985 
1991 
1996 

FIELD OF STUDY 

Statistics 
Epidem./Biostatistics 
Epidem./Biostatistics 

Sf™,   ? T° PROFESSIONAL EXPERIENCE: Concluding with present position, list, in chronological order, previous 'employment experience and 
honors  Include present membership on any Federal Government public advisory committee. List, in chronological order, theMeTaüthore and 

SHSSS^T Hh3" PUb"Cati0nS dU;in,9 th6 PaSt lhree yearS and t0 «W»*** earlier publications peSinent to WsSX&TEwS publications in the last three years exceeds two pages, select the most pertinent publications. DO NOT EXCEED TWO PAGES. 

PROFESSIONAL EXPERIENCE: 

llll'llll Biostatistical Consultant, Dental Clinic, Montreal Children's Hospital, McGill University, Montreal, Canada 
ooslnnn fT? °r; AnalyAiS °f Multivariable Data> DePl- Epidemiology/Biostatistics, McGill University, Montreal, Canada 

"   °° Asst- Professor, Dept. Clinical Epidemiology & Biostatistics, McMaster University, Hamilton Canada 
1998-2000 Biostatistician, Dept. of Medicine, McMaster University, Hamilton Canada 
2000-pres. Asst. Professor, Dept. Epidemiology & Social Medicine, Albert Einstein College of Medicine, Bronx, NY 

PROFESSIONAL ASSOCIATIONS: 
2002 American Statistical Association 

ACADEMIC AWARDS: 
1989-1991 CIDA Scholarship 
1992-1996 Research Trainee, Heart and Stroke Foundation of Canada 
1997 Bursary, International Agency for Research on Cancer, World Health Organization 
Other Support 

ACTIVE 

P3013330-29 (Goldman) 07/01/01-03/31/06 25% 
NIH $3,073,744 
Cancer Center Core Grant 

The goal of the Center is to foster basic, clinical, population-based and translational research that addresses all aspects of the cancer 
problem. r 

K30HL0411003 (Marantz) 9/1/99-8/31/04 5<>/0 
NIH/NHLBI $1)121J36 

Goals: To train clinicians in a program which combines a didactic course of study in statistics, epidemiology, computing, study design 
research ethics and scientific communications Oeading to a new degree, Masters of Science in Clinical Research Methods) and mentored 
original research prq,ect(leadmg to master's thesis). The program's mission is to prepare these scholars for successful careers in clinical 
research, across the entire spectrum of activities defined by that term. 

9526-3878 (Rohan) 07/01/01 06/30/06 10% 
NIH/NCI S658457 

Fat Reduction, HRT Use and Benign Breast Disease Risk 

A     A ■ ,    c    ThJS StUdy 'S designed t0 teSt the fo,lowing hypothesis: 1) Adoption of low-fat dietary pattern is associated with 
£K SJ AnferT,e^°rS fbCnign breaSt diSeaSC (BBD); 2) Calcium/V*a™ D (CaD) supplementation is associated with 
reduced risk of BBD; and 3) Use of estrogen replacement therapy (ERT) or combined estrogen/progestogen therapy (PERT) is 
associated with increased risk of BBD. The study proposes to use the Women's Health Initiative (WHI) randomized clinical trial to test 
these hypotheses. 

R00° (Rohan) 4/1/02-3/31/07 10% 
$697,233 

P53 in BBD and Breast Cancer Risk: A Multicenter Cohort 
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. '  '     ','.'.     The goal of this study is to estimate the risk of breast cancer in association mthP53 mutation and/or P53 protein  
accumulate .n benign breast tissue obtained from 1,005 cases and 1,615 controls prior to the occurrence of breast cancer (for the cases) 
and at a comparable time (for the controls). This study will be undertaken as a nested case-control study within a large multi-center 
(international) cohort of 25,843 women who were biopsied for benign breast disease and who have been followed-up to determine the 
subsequent occurrence of breast cancer. v        c"mirc "1C 

PENDING 
RO0O0 (Fang) 
Agency for Health Care Research & Quality 

01/01/02-31/12/04 
$113,418 

15% 

Community Disparities in Access to Revascularization Procedures in New York City 
The goals of this study are to: 1) Determine community-level factors associated with cardiac revascularization- 2) To 

quantify coronary heart disease mortality in different communities; and 3) To compare trends of cardiac procedure and coronary'heart 
disease outcomes among different communities over three decades. The study will use administrative and census data to achieve these 
goals. 

R000 
NIH 

12/01/2001-05/31/2006 10% (Smoller) 
5349,682 

The goal of the proposed study is to determine whether blood-based biomarkers and polymorphism in candidate genes 
rdated to systemic inflammation, hemostasis, and blood pressure regulation may be important stroke risk factors among older women 
The study will be conducted as a population based nested case-control study of 1100 stroke cases and 1100 matched controls among " 
participants m the Observational Study component of the Women's Health Initiative (WHI-OS). 

R00° (Kaufman) 7/1/02-6/1/04 5<>/„ 
NIH/NCI S250000 

Enhancing Tumor Vaccines with Co-stimulatory MoleculesThe focus of this grant application is to improve vaccination strategies by 
immunizing with novel vaccines expressing co-stimulatory molecules, thus increasing the likelihood of activating tumor-specific T-cells. 

10% 
R000 (Kadish) 
Surrogate biomarkers for efficacy of HSP-7 vaccine 
The study hypothesizes that HspE7 vaccination will result in regression of CIN in vaccinated women and enhance CMI response to 

the E7 protein as well as other HPV proteins (E4, E6) and unrelated antigens (e.g., Candida and tetanus) 
OVERLAP:       None. 

PUBLICATIONS: 

Schlecht N Franco LE, Pintos J, Negassa A, Kowalski LP, et al. Interaction between tobacco and alcohol consumption on the risk of 
cancer of the upper aero-digestive tract in Brazil. Am J Epidemiol 1999; 150:1129-1137. 
Hanley AJ, Negassa A, Edwards DM. GEE Analysis of negatively correlated binary response: A caution. Stat in Med 2000-19-715-722 

Care^olfo^^T^Ö311, NegaSSa A' YUSUf S' Enalapril PreVentS dinical Proteinuria in Patients with low ejection fraction. Diabetic 

NegassAA, Ciampi A, Abrahamowicz M, Shapiro S, Boivin JF. Validation of tree structured prediction for censored survival data- Its 
application to prognostic classification. The Journal of Statistical Computation and Simulation 2000-67-289-317 
Suskm N, Sheth T, Negassa A, Yusuf S. Relationship of current and past smoking to mortality and morbidity in patients with left 
ventricular dysfunction. J Am Coll Cardiol 2001; 37:1677 -82. 

Ounpuu S Negassa A, Yusuf S for The INTER-HEART investigators.   INTER-HEART: A Global study of risk factors for acute 
myocardial infarction - rational and design. Am Heart J 2001; 141: 711 -21. 
Salman H., Perez A., Sparano J. A., Ratech H„ Negassa A., Hopkins U and Wiernik P. H. Phase II trial of infusional cyclophosphamide 
idarubicin, and etoposide in poor-prognosis non-Hodgkin's lymphoma . American Journal of Oncology (in press). 
Yusuf S Negassa  A. Choice of clinical outcomes in randomized clinical trials of heart failure therapies: Disease specific or overall 
outcomes? ^mT/ear/J (in press). 

Salman H., Cynamon J., Jagust M., Bakal C, Rozenblit A., Kaleya R„ Negassa A., Wadler S. Randomized phase II trial of embolization 
tterapy versus chemoembohzaHon therapy in previously treated patients with colorectal carcinoma metastatic to the liver (under review) 
Hanley AJ; Negassa A, Edwards DM, Forrester JE. Statistical analysis using Generalized Estimating Equations (GEE): An orientation 
(under review). ' 

McKelvie R. S   White M., Rouleau J-L., Maggioni  A. P., Negassa A., Young J. B., Held P. and Yusuf S. Single versus Double 
versus Triple Therapy to Block Ventricular Remodeling in Patients with Congestive Heart Failure (under review). 
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FACILITIES: Specify the facilities to be used for the conduct of the proposed research   Indicate the nerfhrrmnr-,. «it«* „„J ,t.„,.,-k 
relative proximity, and extent of availability to the project. Under "Other,"identifysupport service CapaCItieS'Pertment Capabilities' 

Laboratory: 

M.e/'rS SPPS^T,
3
! 

Sq'„fti iS SitU3ted h the r°0m # 704A 0f Forchhei™* building at Albert Einstein College of 
Medicine (AECOM). It has all the equipment and bench space required for conducting the experiments proposed in thi 
project We have access to use the instruments in the AECOM central facility, Cancer Center and also the laboratories of 
Dr. H. P. Klmger and Dr. Jack Lenz (Dept. of Molecular Genetics), and Dr. Rüssel (Dept. of Pathology). 

Clinical: 
Pathology departments of Weiler and Jacobi hospitals of Einstein College are within the campus. 

Computers: 
We have one PC (Pentium II) and a Dell computer (Pentium III) with laser printer exclusively for the Pi's lab   Thev are 
connected with network for communications and various databases and libraries. 

Office: 

The P. I.'s research office with telephone and fax facilities is located in room 704C. Secretarial support is available in the 
Department of Radiation Oncology. 

Other facilities: 

1. Core facilities: We have cDNA microarray facility with Genepix scanner, Sequencing and Oligonucleotide synthesis 
facilities in the Department of Molecular Genetics, AECOM. 
2. Laser Capture Microdissection facility: We have our own laser capture microdissection (Arcturus Co.) facility 
for the isolation of cells from tissue sections. y 

3.Cytogenetics and FISH facility: We have access to the facility. Dr. Linda Cannizzaro is the Director and she 
collaborates m our projects. 
4. Microtomy and histopathology facility: Dr. Russell is the Director and he collaborates with our projects 
5. Animal facility: Dr. Herbst is the Associate Director and also collaborates in our projects. 
6. The AECOM's engineering and electronic repairing services are available. 

MAJOR EQUIPMENT: 

Real-üme SmartCycler PCR equipment (Cepheid), Perkin Elmer PCR thermocycler for 500uli tubes, 
Apphgene/Oncor PCR thermocycler with provisions to use with 200uli, 500uli tubes and also slides, Zeiss phase 
contrast microscope, Nikon microscope fitted with a microdissector, Milli Q water facility, water shaking baths, three 
incubators C02 incubator, laminar flow, electrophoresis apparatus, UV transilluminator, freezer minus 70C, freezers 
minus 20C (one small and one very large), vacuum dessicator, liquid nitrogen containers, Ice machine etc The 
instruments like centrifuges, ultracentrifuges, spectrophotometer, UV cross linker, gel documentation system, cold room 
dry ice etc. are available for sharing with the Departments of Molecular Genetics and Pathology. 
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public H.,l,h Service 

National Institutes of Health 
National Cancer Institute 
Bethesda; Maryland 20892 

\A    M( ->nn<-> 6130 Executive Blvd. Suite 6035A 
March 25,2002 

Dr. Patnala M. Achary 
Albert Einstein College of Med 
Dept of Radiation Oncology 
1300 Morris Park Avenue 
Bronx, NY 10461 

Reference: 1 R21 CA097208-01 

Dear Dr. Achary: 

Enclosed is a copy of the scientific evaluation (Summary Statement) for your application referenced above. Your 
application will be reviewed by the National Cancer Advisory Board (NCAB) at its meeting June 10 -12,2002. You 
will be notified if the NCAB does not concur with the recommendations of the IRG. The percentile ranking and/or 
priority score are not the only factors considered in NCI funding decisions. Therefore, you should make no assumptions 
about the probability of funding. If you would like further information concerning your chances for funding, 
please call the program director listed on your Summary Statement. Please note that further staff evaluation may 
result in the funding of grants at less than the IRG recommended levels or for shorter periods of time. 

This percentile ranking and/or priority score are shown on the Summary Statement. Certain types of applications, such 
as program projects, RFA responses, and small business applications, are not percentiled and receive only a priority . 
score. The priority score is determined by averaging the scores given individually and privately by each voting member 
of the Initial Review Group (IRG). Priority scores range from 100 to 500, with 100 representing the greatest scientific 
merit. The percentile ranking is the relative ranking of an application compared with all other applications reviewed by 
the same IRG. The lower the percentile ranking, the higher the scientific merit. 

We hope that this information will be helpful to you in your present and future research activities. If the Summary 
Statement raises questions which you believe require our attention, it is important that you contact the Program Director 
listed on your Summary Statement as soon as possible, but no later than 30 calendar days following the NCAB meeting. 

Sincerely, 

%ocy. JHuxjG, PU.%. 

Program Director 
Cancer Diagnosis Program 
Phone: 301-496-1591 
Fax: 301-402-7819 
E-Mail: tl82s@nih.gov 

Enclosure 

cc: Business Official (letter only) 



TRACY LUGO PH.D. 
301-496-1591 
t!82s nih.gov 

SUMMARY STATEMENT 
(Privileged Communication) Release Date:   02/20/2002 

ACHARY, PATNALA M 
ALBERT EINSTEIN COLLEGE OF MED 
DEPT OF RADIATION ONCOLOGY 
1300 MORRIS PARK AVENUE 
BRON, NY 10461 

Application Number:   1 R21 CA097208-01 

Review Group: PTHB 
Pathology B Study Section 

Meeting Date: 01/28/2002 
Council: MAY 2002 

Requested Start: 07/01/2002 

RAPA: 
PCC: 

PA01-010 
4GDR 

Project Title: Mar ers of Metastasis in Ductal Mammary Carcinoma 

SRG Action: 
Human Subjects: 
Animal Subjects: 

Gender: 
Minorit : 
C ildren: 

Project 
Year 

1 
2 

Priority Score: 236     Percentile: 
30-Human subjects involved - Certified, no SRG concerns 
30-Animals involved - no SRG comments or concerns noted 
2A-Only women, scientifically acceptable 
1A-Minorities and non-minorities, scientifically acceptable 
4A-Child representation un nown.scientifically acceptable 
Clinical Research - not NIH-defined Phase III Trial 

Direct Costs 
Requested 

100,000 
100,000 

TOTAL 200,000 

Estimated 
Total Cost 

163,650 
163,650 

327,300 

ADMINISTRATIVE BUDGET NOTE: The budget shown is the requested budget and has not been 
adjusted to reflect any recommendations made by reviewers. If an award is planned, the costs will be 
calculated by Institute grants management staff based on the recommendations outlined below in the 
COMMITTEE BUDGET RECOMMENDATIONS section. 

NOTE TO APPLICANT FOLLOWS SUMMARY STATEMENT 

NEW INVESTIGATOR 
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lymph node metastases compared to DNA from the normal tissue Or primary tumor counterparts from 
the same patient. Only the RDA clones from the comparison between the metastatic lymph node and 
its normal counterpart are shown in the application. The most likely candidate as described in the 
application is MAGS-IX. Currently the presence of MAGS-IX was decreased in 3 out of 4 cases 
examined in the lymph node metastases compared to primary tumor tissue or normal breast epithelium. 

. This sequence has resisted sequencing so far. (A minor problem with the application was the frequent 
designation of MAGS-IX as MAGS XI. The reviewers presume that this is a typo and that there are not 
2 clones. If there are two clones the interchanging of the discussion of each would have been totally 
confusing.) 

Based upon these preliminary results the applicants propose 4 specific aims. The first two will extend 
the preliminary observations by continuing to characterize the RDA clones already isolated. This aim 
overlaps with specific aim 2 that is to confirm the loss of the sequences in breast cancer lymph node 
metastases using PCR and/or DNA blotting. Obviously this must be done to determine whether these 
clones will truly lead to genes whose sequences are deleted during breast cancer progression. 

The problem that many workers have encountered in attempting to use RDA to identify genomic   = 
regions frequently affected during cancer progression has been the variability between individuals so 
that tumors cannot be compared to DNA from another individual. The applicant has avoided that 
problem by using tumors and normal tissues from the same person and this is one of the strengths of 
the application. They do not discuss the problem that might arise if there Was microsatellite instability in 
the tumor so that many changes might arise, but those changes might have no causal effect on the 
tumor phenotype. - 

A point not discussed was who was actually going to do the microdissection and confirm the 
histopathology of the cells dissected. There is a letter of collaboration with a pathologist, but this 
suggests that the pathologist will teach a technician to identify the cells. There would be a need for 
assurance that the cells taken for analysis were truly tumor cells. 

To evaluate the significance of the candidate deletions it will be necessary to evaluate various breast 
cancer specimens for their potential loss of the putative suppressor sequences. A significant problem 
with the proposal is the very limited discussion of the necessary clinical parameters needed to develop 
any meaningful clinical conclusions. The authors need to be aware that lymph node metastasis and 
hematogenous metastasis have markedly different clinical implications. Further, considerations based 
upon the number of lymph nodes involved affect prognosis as well as different methods of identifying 
lymph nodes- for example, sentinal node involvement- must be taken into consideration. None of the 
clinical considerations that affect patient outcome or the different therapies that the various patients 
might encounter are discussed in the context of the experiments and the multivariate analysis that 
would be expected to be used. There is a letter of collaboration from a statistician, but no discussion of 
the approaches to be used. 

Specific aim 3 is to identify the actual gene whose function is disrupted by the deletion and specific aim 
4 to determine if the expression of these genes will disrupt metastasis in murine models of metastasis. 

In specific aim 3 the applicants do not describe possible methods for determining the gene:that is: ■ 
presumably affected by the deletions. This is not trivial since the gene may not be the coding'region. 
most proximal to the sequence identified by RDA. 

Specific aim 4 is premature in the absence of any isolated gene and suffers from the problem that the 
genes isolated will have been identified because they may contribute to lymph node metastasis yet the 
model is for hematogenous metastasis. 
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ENVIRONMENT: Suitable for the studies proposed. 

CRITIQUE #2: 

rather than metastasis. MAGS-IV may simply be involved in tumorgenesis 

m&2£5rÄ ?rTary b?ast carci— -th lymph node . 
MAGS. However, as the P   mentlned in fte nmnnS,  »2 ^ '?* !nthe metastasis ^ named them 
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to develop metastasis. These node-negative patients do not have metastasis at diagnosis, but later 
develop local or distant metastasis. It is important to identify these patients before metastasis happens 
so that they can receive more appropriate therapy. However, most of the markers in the proposalwere 
lost in the metastatic lymph node, but retained in primary tumors (See Fig 9 and P36 "MAGS IX 
missing in lymph node metastatic cell foci but present in primary tumor cells"). This makes it difficult to 
use these genes for predicting early metastasis. It will be more valuable if the P.I can find genetic 
cnanges that are different in the primary tumor among patients who had metastasis and who did not 
nave metastasis. 

The P.I. mentioned but not emphasized about the follow-up information in the proposal. It will be very 
important to observe if there exists any difference in metastasis incidence between patients with and 
without expression of MAGS in their primary tumor. 

This is an over ambitious proposal for an R21 application. The P.I. proposed four specific aims in the 
proposal. Some experiments are quite time-consuming. For example, to collect 10,000 metastatic cells 
by single-cell microdissection (SCM) using mechanical microdissector takes much time The PI needs 
to pnontize his research plan. ' 

INNOVATION: In this proposal, the P.l. combines several powerful techniques to isolate molecular 
markers for breast cancer metastasis. These markers might be used for prognosis of node negative 
preast cancer patients. Furthermore, knowledge of genes involved and their function may identify novel 
targets for pharmacologic, genetic, or other therapeutic interventions for breast cancer.     ■■■■:rJy\ 

INVESTIGATOR: Dr. Achary, his research team and collaborators are highly experienced in the 
proposed studies. They should be able to carry the proposed investigation successfully. 

ENVIRONMENT: The available facilities at the Albert Einstein College of Medicine are excellent for 
conducting the proposed research. 

OVERALL EVALUATION: This R21 proposal describes an important research to identify molecular 
markers for identifying node negative breast cancer patients who will develop metastasis The 
preliminary results on some putative novel metastasis associated genes are very interesting  The 
experimental plan was over ambitious for an R21 application. There are some additional concerns on 
the research design as discussed above. 

GENDER, MINORITY AND CHILDREN SUBJECT: Appropriate for the studies proposed. 

HUMAN SUBJECTS: There were no concerns. 

ANIMAL WELFARE: The P. I. has CCI (Committee on Clinical Investigations of Albert Einstein) 
approved animal use protocols .        .        .    ■ 

THE FOLLOWING RESUME SECTIONS WERE PREPARED BY THE SCIENTIFIC REVIEW- '• 
ADMINISTRATOR TO SUMMARIZE THE OUTCOME OF DISCUSSIONS OF THE REVIEW ^ ~ ' 
COMMITTEE ON THE FOLLOWING ISSUES: .;■■■.■-.•■ "      .,:.- 

PROTECTION OF HUMAN SUBJECTS (Resume): ACCEPTABLE; A total of fresh frozen ductal 
breast cancer tissue from 120 cases will be analyzed in this investigation. These samples consist of 
primary tumor, positive lymph nodes and normal tissue and/blood samples from individual patients 
Computerized case histories of all the cases including data on the patients' pathological parameters, 
radiosensitivity of the tumor, response of tumor metastasis to chemotherapeutic drugs and family 
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history with respect to ovarian and other cancers, etc. will be available to this investiaation Howpvpr 
this mformation is made available to the investigators in such a manner thai sSK?o f tofeSdT ' 
cannot be identified directly or through linking identifiers. J tnis study 

INCLUSION OF MINORITIES PLAN (Resume): ACCEPTABLE. Samples are selected without anv 

5SSTr3Ce °r ^uM°St imp0rtantly'the PI and the laborat0^ staff w^bebrded with reS^he 
Sscsr ?uHring th^mo,ecuiar studies-successfui comp|eti°n of thTp« 
^vimnml^i^ pr°sPe

f
ctlve studies ,n future 9™! projects that will assess genetic and       M 

^^^!^^:^^^ grPf
to understand why breast—has 

SKSS^: ACCEPTABLE-0n,y—^b* **«■' 
INCLUSION OF CHILDREN PLAN (Resume): ACCEPTABLE. Breast cancer is more frequently found 
in women over the age of 18, children will not be included in this study. frequently found 

JIS^S«P.^-MAL (Resume>: ACCEPTABLE. Human mammary adenocarcinoma cell lines 
^SS^^JSma?Ti0rS and metastases in female immunocompromised mice (Rag4 Sr 
to 10 SPSL?    H?th3t UP t0 °° miCe per year mi9ht be used- For each ce" «ne obe tested up to 10 mice will be used.to generate lung metastases by injection i.V., and 10 mice beinq used'to      • 
generate primary tumors in the mammary fat pad and metastases that develop from he Syfat- 
StlLd Lrr'eh "neS US^ Wi" be MB-MDA-231 a"d MB-MDA-435. These cell lines a"ew7ddy 
utihzed and have shown no effects or risk to personnel. They estimate that up to 2 metastasis -      ' 
assorted genes will be tested per year by transfecting these cell lines ((2 genes  vector controDx 2 

m£ ^fhX 2 m°ielS X1° mice per group)   10° mice Per vear- For the ntravenous^Nection model 
mice will be anestheüzed with isoflurane delivered through a precision vaporizer. 100 000  WMÜ0 

£ mnn?6"^0 '"• °"2 ™1 ? media wi" be inJected via the taiI vein ^u9h a 26 guageneedS MiSwill 
™SK£f0r I'9"5 °f dyS?na' Weight l0SS' and failure t0 9room and wi" be sacrificedhSS 4fweeKs 
h2 iV My Sh°W S,gnS,°f resPiratory distress or weight loss exceeding 20% of starting weSlor 
injection into the mammary fat pad, mice will be gently restrained and then 0.1 - 0 3 ml of MEM 

S2i 25E? Ce
R"in

Wi" "ITCt6d in the mammary fat pad-The animals «" *« Se hold in 
,mn Sc      tyl°r 6"10 WeekS f°r 9eneration of P™ary tumors and metastases. For generation^ 
lung metastases the primary tumor will be removed after the tumor reaches 2 cm in diameter.« 

th^wound^ZlWihe f nfthetized Vith iSflurane'the Primarytumor «moved surgically and then 
4 wS to J?n!,.       StT"! W°Und d,pS-The animals wi"then be allowed to continue for antadaitiön 4 weeks to allow lung metastases to grow, or until the animal displace clear signs of metastases such 
fnriT™ T wh,chtime

u
the anima' will be sacrificed by carbon dioxide overdose anTtssuescöSed 

SSShv 1° m0mt0r ?! StreSS °n the animal durin9 tumor or metastasis g^wth, theSlfwHI be 
fte^Ä™* ^* AfSS,Stant ?°m their lab every day- Four fu,|-time veterinarians participaMn their Institut ons program of care and use. Veterinary care includes a program for prevention of 
SS22-     'y ?bservation and surveillance for assessment of animal health; appro^te SShods of 
disease control, d.agnosis, and treatment; guidance of animal users in appropriate mShoq?of 

ÄISSS1S: aneSth6Sia' analgeSia' and eüthanasia'- a"d monitoring of surgical programs arid 

COMMITTEE BUDGET RECOMMENDATIONS: The budget was recommended as requested. 
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NOTICE: The NIH has modified its policy regarding the receipt of amended applications. 
Detailed information can be found by accessing the following URL address: 
http://grants.nih.gov/grants/policy/amendedapps.htm 

NIH announced implementation of Modular Research Grants in the December 18,1998 issue 
of the NIH Guide to Grants and Contracts. The main feature of this concept is that grant 
applications (R01, R03, R21, R15) will request direct costs in $25,000 modules, without 
budget detail for individual categories. Further information can be obtained from the Modular 
Grants Web site at http://grants.nih.gov/grants/funding/modular/modular.htm 
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Principal Investigator/Program Director (Last, first, middle): Arh„™ Patha1a Mnhan™ 
Introduction (revised application) 

In* this revised application the objective and long-range goal remain the same as presented in the original submission 
However, we have made significant changes in the specific aims and research design based <mTSZTZ 
recommendaüons of the reviewers We omitted certain time consuming methods and replaced Ihe^süS^ 
and strategies to achieve expected objectives within the scheduled time frame of this R-21 grant. 

The main changes are as following: 

1 _Specific aims are reduced from 4 to 2. The main aim of the project is presented in the specific aim 1 {To isolate a panel 
of DNA sequences for distinguishing primary tumors that did develop metastasis (Group-I) from those (Groun-m did no 
develop metastasis} by testing a series of 40 patient samples from each group, v^cL^^^Tb^Z 

tfthfvAT    v£teSt ^T1 nUmb6r °f BACS COmaining metaSteSis aSS0dated DNA fences (MADS) to dTernS if they have inhibitory effect on metastatic potential using functional studies. Attempts to isolate metastasis associated 
gene(s) that may be present m the deleted region indicated by each MADS have been omitted in this appHcation 

wfcS °? ^f pa;ameters' screening of I5 MADS ™ing Q-Rt-PCR and FISH methods on 40 primary tumors 
which developed lymph node metastasis and another 40 which did not develop metastasis are proposed 

' l°n f   ^MT
8
 °f tUm°r SampleS> COmpIete BACs containing MADS wil1 be "sed instead of long DNA fragments or full-length cDNA sequences as FISH probes. S iragments 

4. Q-Rt-PCR screening of the sample samples is proposed to strengthen the FISH results and vise versa 

^°trJUwtl0nn S °n,Iy Spontanf ous metastasis (Mammary fat pad) model is proposed and hematogenous model was 
omitted. We will examine the regional lymph nodes and lungs for gross and histologic evidences of metastasis. 

Note: Please note that what we previously designated as metastasis aviated gene Seq,«™~ fMAns) .„ ^^ to „ 
metastasis associated DNA sequences fMADS)     ' '      reierreo to as 

Response to Critiques 

Critique 1 

^^^^^^X0^is a TTIfor an R-21 **»*from ): Please note that MADS-K and -» are different. The MADS-IX could be sequenced and the sequence derived primers yielded a PCR product of the correct 
size without any non-specific bands. On the other hand MADS-XI has several dinucleotide repeats Tnd was SS?S 
sequence at first. We therefore used the whole sequence of MADS-XI as P32-dCTP probe to scLn a slot blot conSne 
DNA from patient samples. However, we later obtained the complete sequence of the MADS-xT(224bp) and panted 
additional data about this sequence in the preliminary findings section of this revised application. 

Page# 3: Approach: 2nd paragraph (Based upon these ): We agree with the comments of the reviewer Instead of 4 
specific aims, we now have 2 specific aims. mneaa oi * 

Page# 3: Approach: 3rd paragraph (The problem that ):  As pointed out by the reviewer there will be MSI in the 
tumors and we are aware of the genetic variation this may cause. However MSI in breast cancer is not as common as colon 
or pancreas cancers (Lee et al 2001) and MSI alterations in the coding regions of breast cancer are rare^ol red to 
colorectal cancers (Forgacs et al. 2001). While MSI has been shown in a small fraction of sporadic breast tumTSSw« 

est?ZeTy VmVT °% (L°the 6t aL 1993) t0 83% (Gleb0V et aL 1994) in fami^ cases: SS^TTtSiL^ restricted to sporadic breast cancer patient samples only, the MSI variations may not be significant in our stodies 

SSSThe        r CHhanCCS 0f,PfSUing th0Se differenCeS "**** fr0m MSI> we made a-teria that for a R^A 
DNArw 1CT\ a?-Candldate MADS' k haS t0 be present in normal cel1 DNA> missing in primary tumoTceU 
^SSSSl S! h    m T CeI1S,°f ^ iymPh n°deS (hete-^s/homoZygous loss) fn /least 2^s (It7 unincely that the MSI will be in exact same place in 2 unrelated cases). 

ÜÜÜ? ^ t
ApPl°aCh: f ParaSraPh (A Point not discussed who ):   Microdissection is one of the very important 

components of this apphcation. Cell purity must be about 95o/„ for RDA and we had no access to LCM in theb^gZing o 
Ae project so we used single cell microdissection (SCM) which can provide 99% purity of tumor cell population 
However later we switched to laser capture microdissection (LCM) for all the RDA and Q-Rt-PCR „^ffi 
LCM, Dr. Jones, a board certified pathologist and Dr.Klinger who did a residency in pathology, first identify and mark the 
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.tumor pelWslands on the slides. The PI and the Research Associate, who by now also have considerate exnerW, 

sSoT"cells'then use LCM to pick up the ce,is from the marked—^z^^fiss 
roTl3H:i9nPP/°!C,h: 5'h Paragraph (T° 6ValUate the siSnificance ):   As outlined in the application we have now 
collected 120 ductal mammary carcinoma samples for which we have at least 5 year morbidity, mortality paThoWstohW 
information, age, course of treatment, lymph node status, ER/PR and Her2/neu status. We ^^£^Ä 
these cases of pnmary carcmomas developed metastases and the remaining 70 did not develop metestLs wiftm 5 fear's 
of primarytumor-detection. Additional samples (about 100 tumor samples with corresponding^^posh veS 
nodes) wi h similar c inical information are being provided by Dr. Wahab of Cairo University (See Dr wS''leZ 
Our pathologist has clarified to us the different prognostic indicators of lymph node versus hematogenouTmet^si' and 
she also explained the different methodologies for assaying lymph node status. In this pmpo^TiSSTjS 
metastasis cases assessed by sentinal lymph node sampling. The P.I., the Pathologist and the BiostaSan have 
extensively discussed on the appropriate clinical parameters and suitable statistical analyses to be performed n Ms sidy 
(See details m the methods section; Pages. 36-37). y 

fZ>#'tATT^' 7'h paragra/h <In sPeciflc aira 3 the applicants ): RDA yields sequences which could be partial 
equences of metastasis associated genes, or sequences of genes of unrelated function as well as non coding regions on th 

same deleted segment. It is very important to point out that in either case they could serve as markers^fTv are 
consistently missing in a high proportion of cases and are associated with known clinical outcome. We found thatL of 
11 MADS, 2 were expressed sequences and 9 were intronic sequences. Both types may be parts of either metastasis 
associated genes, or sequences of unrelated function. We noted in the original ^plicatton Z to obt^lwLgh o 

K^A
8
*

01
*-,^ °r;ntron?rerse PCR

 
method win be used'if the MADS

 ^ **»&* «*«***. sJSffiS ength cDNAs will be obtained by screening cDNA libraries if the MADS are exonic sequences. In this Revised 
submission we are not proposing any attempts to obtain full-length of genes. We are also not planning to analyze^ he 
de eted region with STS markers to map the region and find out the nearby genes that might play a rofe in metastasis 
nstead, ^ are focusing on the screening of these 15 MADS (previous 11 and new 4) on 80 patient samples Gmup So-' 

the WOT; K} f BACS COntaining MADS- °ne °r ^ MADS Which are ^st promising in that they are Sing in 
the h ghest number of patients in group-1, will be selected and the retrofitted BACs containing those MADS will beuseS 
directly for functional studies. If metastasis inhibitory effects are observed at in vitro or in vftro rtudi^eTT«^ 

IZZ t < aPP t0ndlSfer ^ f °le inSCrt °f thC BAC d0ne t0 identify the actual ^astasis suppressor g^ 

fS^i^SZ^^ °f TCmPle UniVCrSity h3S agrCed t0 COllab0ratC °n thiS «■"" ™ * ^ «■ 
Page# 3: Approach: 8<h paragraph (Specific aim 4 is ): We agree that the specific aim 4 is premature in the absence 

Xabv :ctntf" n^Pr0P°rld tWS T bCCaUSe WC already had iS0lated C0UPle of P°sitive <*»» for MADS-W and -X by screening a cDNA breast library and a partial gene sequence with intronic sequence (MADS-IX) using inverse PGR 
me hods. To determine the function of these clones we wished to evaluate the metastatic nhibition iiXTSodd 

man?™™ WC t r 6 m V1V°,m0USe mCtaStaSiS m0dd and SUCcessfu»y tested by usil* ^astatic MTXMT-435 
S^r f l-es transfected with nm23 (metastasis suppressor) and in another experiment transfected wüh 
™"H enhfCer)- * T °ngmal aPP,ication we Pr°P°sed 2 mouse models (spontaneous and experimental 
metastasis) for the evaluation of the metastatic potential of the gene sequences that are expected to be isolated in Ms 

ZZZr^tl u m0del (2 f SldC PandS " thC flgUre) iS the mamma1^ &t Pad modeI which could bu^ 
Z^TA      

b°th tumongenesis and metastas*, the second model (third panel) could only be used for hematogenous 

We ITmT t°
Ut ^ thC reVieWer thC S6COnd m0dd is n0t aPPr°Priate for this instigation so we will not useT 

H"J the spontaneous metastasis model and examine the lymph nodes for metastasis in the mice as well as 
examining the metastasis in lungs (See Dr. Russel's letter). 

Critique #2 

Page# 4: Approach: 2nd (In the preliminary result section ) and 3rd paragraphs (In the supplementary data     )• In 
the original application we indicated that MADS-IV was missing in 1 out of 3 tumor cell lines Since we did noi have a 

weUnnrTt T^IT ?** ^ C°UM "* ^^ if «" SeqUence is also missinS in ^astatic cell DNA Howlver we predicted that it must be missing ,n metastatic cell DNA because it was lost homozygously in the tumor DNA 
However as shown m the supplementary data section, PCR screening of 9 patient tumors showed that it is lost 
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heterozygously m one case and homozygously lost in another case indicating that this MADS maybe associated with either 
tumongenesis or metastasis or both. The results for MADS-XI was particularly interests InTnnnT^l I 
tumor shows heterozygous loss and metastatic cell DNA shows homozygoufK^rft^^ÄtST^ 
was homozygous loss of MADS-XI in the metastatic DNA. In the remaining one case   er was^^TrfSSs^ 
either m the primary or metastatic DNA. 0SS 0t MADS"XI. 

Page# 4: Approach: 4,h paragraph (In the RDA experiment design )• We liked the suction of th, w.      .u * 
better way for identifying genes predicting metastasis of node negative atlt^S^^^^S^ 
who are node-negative at diagnosis, but develop metastasis during follow-up with tumor WA^atott^^S 
negative and have no metastasis after long-term follow-up. The advantages are, that one can identify los es icuSne1n 
primary tumor that lead to metastasis. It reduces the likelihood of detecting losses occurringaftr mZtas Tat a e 
unrelated to the metastasis process. However, to undertake such a comparison we have the^^cSSr^Ä^ 
KDA one cannot directly compare tumor DNA from one patient with tumor DNA from a different patent due Ä£ 
reason (polymorphic variations etc.). Secondly, a large number of products associated with tumorigenesis and eeTornl 
mstabihty may be isolated Thirdly, chances of failing to detect MADS because of low pcrc^^^JZZ 
he loss among the microdissected cell population or chances that the biopsied tumor cells are fromeariy^eifwrnch 

such changes leading to metastasis have not yet occurred. Anticipating such a situation in our origil Tronosdwe 
compared normal cell DNA or primary cell DNA with metastatic cell DNA expecting to find ^cS^ftaft^ 
place in the transition from normal to primary to metastasis. Then identify the genetic diffcenc* be^Sm^X 

T^:i^rergrma1' p^rimary and metastatic cel1 DNA sampies of addftionai^^sssz are associated with metastasis, they could be used to screen biopsy samples of primaries that subsequentdeveooed 

^Z^°SQ PnmarieS th3t dM "^ deVd0P mCtaStaSiS t0 - if ^ C0Uld be *fferentiÄ^ 

Page# 4: Approach: 5   paragraph (As mentioned by the P.I. in the proposal ): As pointed out by the reviewer if a 
sequence is lost m metastatic cells but retained in the primary tumor I will make it difficultto ustomaTker fo 
predicting metastasis.    However, our preliminary results suggest a different situation. For   ZTe MS 

homozygously lost m 2 out of 3 metastatic cell DNA samples, suggesting its association with metaS^Wit^d to 
h    orrespondmg pnmary tumor DNA samples, this sequence is heterozygously lost in those 2 caJ.TbZJSflS 

result is useful because by finding a loss of heterozygosity of this sequence in primaries (which MZO^^SX 
m tastasis we could use it as a marker for metastasis. If this situation is consistently observed for a MADSmtoJouP I 
then it could be used as a predictive marker for metastasis. group-i, 

S2S K
:
 
Appr0ach= 6'h Pa™g™Ph (The P.I. mentioned ):   To study the expression of MADS, firstly the MADS 

^^^^^SrStA\^ Part I*6 fUnCti°nal genC- SeC°ndIy the Primai^ t-o;xenlLve to y^d 
Ztd be uedforRTPCPZ Tg--In °Ur SitUati°n' 2 °Ut °f l1 MADS Were found t0 be exPress«* which could be used for RT-PCR.  However since the pnmary tumors are paraffin embedded archival tissue samples it is verv 

te^Z^T ITtaRNA-f°r eXPreSSi°n StUdiCS- H°WeVer eVentUa11^ if antibodies « -ila7w J an Zl tor the corresponding protein expression m archival tissues. 

Page# 5: Approach: 7,h paragraph (This is an over ambitious ):  We reduced 4 aims to 2 aims and focused on the 

S?to£ lat fJZls7tes (TT1 and 7> 1*the existingMADS t0 determine the *«** °Ä£ Attempts to isolate full-length of genes for functional studies are not proposed.  Instead, to determine if these metastasis 
suppressor genes are present in the deletion encompassing the MADS, we proposed to u e a sho™ntho^toevaSe 

äofS 7A rtent,al °f mVfS " °nIy 2 °r 4 °f the promising MADS  This wil1 b* done £S^^£ retrofitted BACs containing the MADS into a highly metastatic cell line followed by In Vitro and In Vivo studies oZ 

7™Z*Zt Zt^TTus mTasi?win be used instead °n models ^£^™££<S$ the reviewer, it is tnie that it will consume lot of time if 10,000 cells are microdissected by SCM. However we mentioned 

c^aandTn ^ USed,SCM ? thC beghning Wh6n WC had n° aCCCSS t0 LCM- *nce last y™ ">£*ou^LCM facility and as you are aware that it takes only 30 minutes to dissect 10,000 cells by LCM. Now we have prioritized our 
experiments in the research plan to achieve the main aims of the project. prioritized our 
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Research Plan 
a. Specific aims: 
The long-term objective is to develop a panel of DNA markers that could be used reliably to identify ductal mammary 
carcinomas that are prone to developing metastases (Group-I) from those that are not likely to metastasize (Group-II). 
Consequently attempts will be made in future studies to isolate metastasis suppressor genes, that are existing in the deletion 
region from which the marker sequences) are generated by Representational Difference Analysis (RDA). Isolation of 
novel genes associated with metastasis may identify novel targets for pharmacologic, genetic, or other therapeutic 
strategies and also should help elucidate the molecular mechanisms and pathways of genes involved in breast metastasis. 

Specific Aim 1: To isolate a panel of DNA sequences for detecting primary tumors that did develop metastasis (Group-I) 
and those did not develop metastasis (Group-ID. Previously we have isolated 11 MADS and three of these were shown to 
be missing in samples of metastasis from additional patients. From subsequent 10 RDA experiments using the 'total probe' 
method we have identified 4 additional groups of MADS. We propose to screen candidate MADSs step-wise by 
quantitative real-time PCR (Q-Rt- PCR) and by fluorescence in situ hybridization (FISH) methods on primary tumors of 
40 patients who developed metastases in the lymph nodes (Group-I) and 40 patients who did not develop metastases in the 
lymph nodes within 5 years of primary tumor detection (Group-II). Tumor cells will be isolated by Laser Capture 
Microdissection (LCM) for Q-Rt-PCR analysis. We have designed primers for all the MADSs for Q-Rt- PCR and also 
identified BACs (except MADS-IV which has no homology in gene banks) that contain respective MADSs and also 
currently using the whole BACs as FISH probes. 

Specific Aim 2: To determine if the BACs containing the MADS have inhibitory effect of metastasis using functional 
studies. Highly metastatic MDA-MB-435 human mammary carcinoma cells will be transfected with the retrofitted BAC 
containing MADS of interest. In vitro and also in vivo mammary SCID mouse model will be used to determine if the 
highly metastatic cell line transfected with the BAC/MADS changes to low or non-metastatic phenotype. 

Hypothesis: In order to achieve the metastatic state, a primary mammary carcinoma cell must acquire genetic changes in 
addition to those that led to transformation. This may involve the loss of function of genes that inhibit the cell from being 
invasive, or the activation of metastasis promoting genes. The loss of function of genes is due to mutations and/or partial 
or complete loss of the genes due to deletions resulting from breakage or unequal crossing over etc. These deleted large 
DNA segments may harbor genes that may inhibit metastasis as well as DNA sequences with unrelated functions. Since 
RDA products are a part of the deletion, it may provide DNA sequences from unrelated genes or partial sequences of the 
metastasis suppressor genes. Any of these could be used as markers in the prognosis of the breast metastatic disease and 
could help to identify segments of the genome containing functional genes related to the metastastic potential. 

b. Background and significance: 
The clinical outcome is generally positive for patients with node-negative breast carcinoma (i.e., those who do not have 
detectable metastases in the lymph nodes) who have been treated with surgery or surgery and radiation therapy. In about 
13% of the patients, however, the disease spreads, and they are at risk of death (Lewis and Corny, 1992; Scorilas et al., 
1993; Fisher et al. 1997). Genetic tests capable of identifying patients at risk for metastatic spread and/or better treatment 
targeted to eradicate metastatic tumor deposits could have a dramatic impact on the overall survival of these patients. 

Two general types of genetic mechanisms are involved in the progression of a tumor to the metastatic state. One involves 
the loss of function of genes that prevent cells from becoming invasive. These are analogous to tumor suppressor genes, in 
which the loss of wild-type growth regulatory function leads to unregulated or malignant growth. Mutation or complete 
loss of the wild-type counterpart of any such gene in a malignant cell may cause the cell to become more motile, invasive 
and metastatic. For example, mutations of genes regulating cell adhesion molecules have been reported to be metastasis- 
fostering alterations (Pignatelli and Vessey, 1994; Shi et al., 1994; Tozawa et al., 1995; Li et al., 1997). A few such genes 
have been reported in different neoplasias namely Mdm2 gene in mouse uterine adenocarcinomas and PTEN gene in 
human brain, breast and prostate cancers (Risinger et al., 1994; Li et al., 1997). In human breast and mouse mammary 
tumors, several other genes have been shown to be associated with metastasis, including nm23 (Steeg et al., 1993), KAI1 
(Dong et 1995; Guo et al 1996; Yang et al 2001), BRMS1 (Seraj et al 2000) and mtal (Toh et al., 1995). Just as there are 
many genes regulating cell mobility, adhesion, etc., there are probably many additional metastasis suppressor genes that 
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remain to be identified and characterized functionally.   It is also likely that either loss or alteration of the function of 

t  several genes (at least 2) are necessary for a malignant cell to become invasive and then metastatic. The second category 
of genetic alteration involves a temporally inappropriate activation or overexpression of genes that promote metastasis 

This proposal is primarily targeted at the isolation of DNA marker sequences or sequences of genes that belong to the first 
category. The first aim of this application is to identify marker DNA sequences that are involved in the progression of 
metastasis so that a panel of molecular genetic markers for detecting those 13% mammary carcinomas that are prone to 
developing metastases could be identified earlier and treated more aggressively. There will also be considerable benefit to 
the women with mammary carcinomas that are not likely to metastasize (an estimated 87%; Lewis and Conrv 1992- 
Sconlas et al 1993; Fisher et al. 1997). These women could then be treated more conservatively, sparing them the 
considerable physical, mental and financial costs of the treatment and with greater ease of mind than is possible today The 
second aim will attempt to determine if these MADS are proximal to sequences which may have functional effects on 
metastatic phenotype. We will transfect the BACs containing the promising MADS to determine if the BAC insert 
sequence harbors metastasis supresor gene(s). However isolation and functional characterization of the involved gene(s) 
will not be possible in this project and requires a separate grant application. 

Previous reports document a significant relationship between LOH and tumor suppressor genes (Cavenee et al 1983- 

/°FPi Hl9!°; DeVilee Ct aL 1989; Sat° et aL 1990) and meta*tasis associated genes (Hennessy et al. 1991; Lindblom 
Ü a lVn / f™,?• ^ statisticalIy significant increase in LOH events involving unknown genes on chromosome 
,™ ^n » "3) and °n 14q (°'Conne11 et aL 1999) and metastasis in breast cancers are reported. Measuring 
LOH, O Connell et al (1999) found that the majority of lymph node-negative primary breast tumors did not amplify a 
region linked to D14S62 and D14S51, while lymph node-positive breast tumors retained heterozygosity for these markers 
Inese data could imply the existence of metastasis promoting gene(s) in that region or alternatively, the observed 
molecular changes may be used as a marker of metastatic propensity (Welch and Rinker-Schaeffer, 1999). 

Breast metastasis disease is a complex process involving multiple steps and therefore global genetic profiling studies of 
metastatic and non metastatic tumors are required to elucidate this process. Currently we have access at Albert Einstein 
College of Medicine to the powerful tools like cDNA microarrays and proteomics to portrait the gene expression and 
Pr(f'ü,? 8 tUm0rS' However in the Present investigation we are using archival material (mostly paraffin 
embedded tissue samples) which are not amenable to these methods. Therefore we proposed to use a robust genomic 
subtractive hybridization technique namely, RDA for isolating markers to differentiate the group-I primary tumors from 
group-II tumors RDA is especially useful for identifying the loss (deletions) or acquisition of foreign DNA sequences 
(Rising* et al., 1994; Lisitsyn et al. 1995; Schutte et al 1995; Li et al., 1997). Since we are interested in DNA marker 
sequences or genes, whose loss is responsible for metastasis, we only focused on the loss products of RDA This method 
is highly effective and does not require prior knowledge about the marker DNA sequences or the gene sequences one is 
searching for. The loss of function of genes is generally due to mutations and/or partial or complete loss of the genes in 
the form °f deletions resulted from breakage or unequal crossing over etc. Since RDA products are a part of the deletion 
it may provide DNA sequences from non-coding regions, unrelated genes or partial sequences of the metastasis suppressor 
genes. Any of these could be used as markers in the prognosis of the breast metastatic disease and could help to identify 
segments of the genome containing functional genes related to the metastastic potential. Once identified, markers can be 
used to test primary breast tumor biopsies, to identify the absence/presence of a sub group of cells in the primary tumors 
that are likely to metastasize. 

The innovation in this proposal is the combination of 4 powerful technical resources to isolate molecular genetic markers 
specific to breast metastasis. Using archival tissue samples we can retrospectively correlate the isolated molecular 
markers with the clinical outcome of patients. Pure populations of tumor cells without contamination of stromal cells 
could be isolated by laser capture microdissection. Representational difference analysis (RDA) can isolate metastasis- 
specitic genetic markers by comparing normal, primary and metastatic cell populations. The isolation of pure population 
of primary and metastatic cells from tissue samples is the main hindrance in undertaking such experiments. This has been 
circumvented by employing laser capture microdissection, a very fast method to procure cell populations with high purity 
We proposed to use fluorescence in situ hybridization (FISH) method to screen primary tumors which could 
simultaneously detect the presence of MADS in normal and presence or absence in the neighboring tumor cells in the same 
tumor tissue section. We believe that this innovative research strategy, will provide the highest probability of success in 
identifying novel molecular markers specific to breast cancer metastasis. We have performed RDA experiments using 9 
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' ^MAm and 2 CelHineS T* l^ifd 15 MADS- S° far' °n SCreening additional 11 Patient samP^ we found that 3 of 

• L^c^S8 m ^     °f thS mCtaStatiC Cdl DNA °f S°me °f thC PatlentS   ThUS - Prdimi^ 
In this proposal the main focus is on the isolation of markers for breast metastasis. However if the BACs containing these 

^ wt 8fCS Wlth0Ut.r kn°Wn funCti°n then a number of strateSies could b* "sed in future investZons o 
establish their function, similar to what was done with some of the genes so far known to be related to ta« 
development such as nm23 mtal, BRCA1, BRCA2, KAI1 and PTEN/MMAC1; BRMS1 (Steeg et al., 1993 Ton et al 

995; Dong et a .1995; Fitzgerald et al., 1996; Langston et al., 1996; Tavtigian et al, 1996; Li et al.,   997 Steck e a " 

Zl\^\ l, f°; Y?g ^ aL 2001)- EVen With°Ut Cl0ning °f the Pr°P°Sed metastasis ^"ed gne(s) ,th smdt have the potential to provide a genetic test that could aid in diagnosing metastasis. However, knowledge of the sequence 
and normal function of putative metastasis suppressor gene(s) that we may find which couid play Ti^^Z 

™»nirt' 
C°f t1 y ICad t0 thC devel°Pment of Pharmaceutical agents or gene therapeutic or other procedures for 

counteracting the adverse metastasis-promoting function of these genes in breast cancer. 

c. Preliminary studies: 

In order to isolate metastasis associated DNA sequences (MADS) we have used genomic representational difference 

ti^'ii^'a/U^rCtlVe ^ridiZati°n meth0d (LisitSyn Ct aL' 1995; Li et aL> 1997)' on human *>«* carcinoma 
Sl?r i S-   WC USCd gen°miC DNA beCaUSe We have been interested in id^tifying additional novel markers (gains or losses m metastasis) m archival tissues of patients whose outcome is known In the first RDA 
experiment we therefore compared normal versus matched metastatic cell DNA of a ductal mammary carcinoma patient 
Primary tumor sample from this case was too small to be used in a RDA experiment. In the remaining 8 genomic £S 

32 7*7'ZQ C°mVrd DNA Sampl6S fr°m Primary tanor cells with raatched DNA of metasLic cells and 
^^^L^f SeqUenCeS- Slmilarly ^ WaS Perf0rmed in 2 pairS 0f mamm^ car™ ce» ^nes 
wt™* llT™ 1 mC aStatlC P°tentiaIS- Using 't0tal probe' method 15 8™*» of MA°S have been isolated, screening of 3 MADS in additional patient samples are promising and further characterization is in progress. 

l.Material used: 

"?nn HlH7 StudieSl20 archival ductal mammary car"noma (DMC) tumor samples and 2 cell lines were used. They 
IZZ^^to^TT?™ HrTan Tissu%Network (C-1050= C-18805; C-98-05H; C-19898; C-20635), Cairo 
Unversty (CU. 1-10) and Pathology Department of AECOM/MMC (DS-96-05); MDA-MB-435 cells (Low and high 
metastatic phenotypes by nm23 transfection) are gift from Dr. Patricia Steeg of NCI/NIH; MDA-MB-435 cells derived 
rZr^ ^^f^ ^m™ in nud* mouse (Price, 1996) are gift from Dr. J. Price of MD Anderson Medical 
whh £ ,°"L cell lines derived from normal tissue/ blood and primary tumors of 3 breast carcinoma patients 
with known losses in specific chromosomal regions (HCC-1806; HCC-1143; HCC-1428; Gazdar et al 19981 were 
«coved as gift frorrjDr.Ramon Parson of Columbia University, NY. The tumor cell line of the 4th pair of cell lines hL 
homozygous loss of PTEN gene (Li et al. 1997) and was obtained from ATCC (HCC-1937; Tomlinson et al. 1998) 

2. RDA experiments: 

We have performed RDA using DNA from archival tissues of normal tissue and matched metastatic lymph nodes of one 
2Ä carcinoma (DMC) case, and DNA from archival primary tumor and matched metastatic lymph nodes of 8 
31™? Ca*eA

S- Thefe 9 Cases consisted of 3 cases each from poorly, medium and well differentiated tumor 
groups Genomic RDA was also performed using low and high metastatic MDA-MB-435 cell lines and also using MDA- 
MB-435 cells derived from primary tumor and metastatic lungs in SCID mouse. 

^^IU:nM^^bCl0W arC f°r thC firSt *°A eXpCriment ^Ausin. archival norm,1 und n^tir 

i. Isolation of metastasis associated DNA sequences (MADS): We isolated normal (glandular and stromal) 
and metastatic cells (positive lymph node) from a ductal breast carcinoma (RDA-1) using single cell 
microdissection (Fig. 1).  In the first RDA hybridization, the metastatic cell DNA was the tester, and in the 
second the normal was the tester.  As shown in Fig. 2 (a, b and c) the purity of the differential products was 
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greatly improved from the first round to the third round of hybridization. The 'gain' lane (2) has 4 bands and 
the 'loss' lane (3) has 5 differential bands (see legend for details). RDA differential products were isolated and 
DNA was extracted from each of the 5 bands obtained from the loss side of the third round of hybridization 
and DNA from each band was cloned separately. One hundred clones from each DNA band were saved and a 
subset of 100 clones (20 clones from each differential product) was selected randomly for further 
characterization. These 100 clones were probed (labeled with 32P-dCTP) on dot blots containing normal and 
metastatic cell DNA. It was found that 79 clones hybridized only with the normal cell DNA, indicating that 
these sequences were not present in the metastatic cells (Fig. 3a). The remaining hybridized with both normal 
and the metastatic cell DNA. This may have been due to incomplete subtraction. Of the 79 clones that 
hybridized only with the DNA of the normal cells, 50 were selected and tested further by Southern blotting to 
verify the RDA results. None of these hybridized with the DNA of the metastatic cells but all were detected in 
normal cells (Fig. 3b). Consequently these sequences are candidate losses associated with 
tumongenicity/metastasis. 

Fig. 1. Single cell microdissection of tumor cells from 
fresh frozen breast tumor tissues. A tumor cell (=>) 
before (a) and after (b) microdissection. The arrows (-►) 
showing cells for reference and (<=>) showing intact 
collagen material (a) and those floating (b) on the section. 
Tumor cells in a positive lymph node tissue before (c) 
and after (d) microdissection. 

Fig. 2. Isolation of differential products from single cell 
microdissected archival breast tissue cells using RDA. RDA 
hybridization was of the normal versus the metastatic tumor cell 
DNA and was performed in two ways. In the first RDA (Lane 2), 
the metastatic cell DNA was used as tester (which should yield 
differential sequences gained during malignant transformation or 
in the process of becoming metastatic) and in the second RDA 
(Lane 3), normal DNA was used as tester (which should yield 
sequences that were lost from the metastatic cells). In the third 
round of hybridization, the 'gain' lane contained 4 prominent DNA 
bands ranging from 200-300bp in size whereas in the last lane, 
there are 5 bands ranging from 200-370bp in size with a 
prominent band at about 370bp. (a. 1st round; b. 2nd round; c. 3rd 
round RDA hybridization) Lane 1. Low molecular weight marker. 

Fig. 3. Results of a typical dot blot and a Southern blot using 
032P-CTP probes prepared from different groups on normal and 
metastatic amplicon DNA. a. A positive signal is present only in 
the normal side but not in the metastatic DNA; b. Southern blot 
confirming the dot blot results. MADS IX was used as probe in 
these blotting experiments. 
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«Sequencing and homology search: These 50 clones were sequenced and those with identical sequences were grouped 
Thus 11 unique candidate metastasis associated DNA sequences (MADS) were identified. The sequence homotoriSS 
by searching the gene bank of these MADS are presented in table 1. The search revealed 82-99% ho»S to S 
human gene sequences for 9 of these MADSs and one (MADS-FV) was found to be novel, having no homoloL wkh A 
sequences in the gene banks.  Previously we reported that we found 2 novel sequences/however last month wTfound 

T^?j^z£g££- T^ has 94%,homoiogy with BAC cion; Aco^^rtLso: Lew? of MADS-IX and XI revealed interesting information on the genes and STS markers surroundine these 
MADS Within a range of 1 4Mb of MADS-IX we noticed two CDC2 genes (cell division cycle 2 prot^isota 1 and 
2) and two splice^variants of ZWINT gene (without known exact function). Besides, in the range of 82lkb? 12 are 9 

TSG?2n" ^^^^ AFM336XD1' SH^C-103705, SHGC-3856, SlioC 849 7 
STSG72I71  SHGC-81245 .  MADS-XI has 98% homology with a BAC clone LA009176.1 on chromosome 6   BLAT 

dornt: F™£  7"?* 6 f ^ (FU10975: hyPOthetical Pr0tein' enC0dinS a Protein with twrmS-zne finget domains; FLJ13162: function unknown; DLL1: delta-like 1 protein; PSMB1: proteasome subunit, beta type, 1- TBP- 
TATA box binding protein; PDCD2: programmed cell death 2) in the range of 1.17Mb and 32 STS markers within 816Kb 
range. Currently we are screening the patient samples in which MADS-IX and XI were found to be informative using 
primers specific to these genes and STS markers, to determine if they are part of the deleted region. ' 

?AnJ;?e,Pfr thC lfnfh' hT°l0gy Search and m mappin2 results of ] 1 metastasis ^sociated DNA sequences 
pfob? (Page?]T) PT y RDA eXperiment The details about the 4 new MA°S are mentioned undeV 'total 

MADSs 

III 

IV 

VI 

vn 

VIII 

IX 

XI 

Primers 

F. ATGCAGGAAGCGCTTGCTTGT 
R. GGACATCCTCACCATTCAGATCTC 

F. CGAAGTTCCTGAATCAGTGGGATAT 
R. GATCTGAATGGTGAGGACGTCAGA 

F. GTGAAGACGACAGAAAGGGCGTG 
R.GCAGTACCTCTGCAACACTGACG 

F. ATCTGTGTGTGCAGCGCTGTGGA 
R. GGAATCTCCGAGGACACTTGAGGT 

F. GGATGTCTTTCCATTTGTTTAGGGC 
R. GGTCTTTCAGATGAATTCACAGATCT 

F. AAGAGAGGAAATATAGCAGTGGCAC 
R. GCTTACCGACGCGACTATCCATG 

F. CAGATAGGTGAGTGTATGTGAAGCA 
R. ATGGCTGTGCCCCTTCTTCCCTA 

F. GCAATGTGGAAAAGGCATATTTAGAAT R 
GTCCACTGGCTGGTAATGGTGGTA 

F. AGGTAGGTAGAGTAACAGGTTTGTTT 
R. GATCTGTTCTCCCTGGTCTTTAGCTT 

F. GATCTTTCTCTCTCACAGCTCTGC 
R. ACCGACGTCGACTATCCATGAACA 

Length 
(bp) 

205 

144 

277 

185 

220 

242 

190 

170 

180 

192 

224bp 

Homology 
(BAC clones) 

Chromosome 5 (97%) 
AC005915.1 

Chromosome 21 (99%) 
AC010463.6 

Chromosome 1 (97%) 
AL359265.8 

No match 

Chromosome 16 (98%) 
AC004234.1 

Chromosome 7 (97%) 
AC09333.1 

Chromosome 6 (98%) 
AL121935.17 

Chromosome 6 (82%) 
AC013429.12 

Chromosome 10(94%) 
AC022541.I0 

Chromosome 15 (98%) 
AC104260.5 

Chromosome 6 (98%) 
LA009176.1 

RH mapping 

Not successful 

Not successful 

Not successful 

Chromosome 5; Places 
19.72 cR from WI-6737 

Not successful 

Not successful 

Chromosome 6; Places 1.51 
cR from WI-3110 

Chromosome 6; Places 3.67 
cRfromAFMA191WDl 

Chromosome 10; Places 
5.66 cR from D10S546 

Chromosome 15; Places 
1.71 cR from 
D15S157Placesll.09cR 
fromWI-6813 
Not performed 

ii. Phys.cal mapping of MADS by RH mapping: To further characterize these MADS we used RH mapping to localize 
/nlT h7r;A

C
n

h
c
r0m0S0meS- ^ details of the ™thodology is described under the Methods section Based on the 

sequences of MADS, primers were designed for each group of candidate gene sequences and RH mapping was performed 
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The results were arranged as suggested by Research Genetics Inc. (positive bands denoted as 1; negatives denoted as 0 and 

# doubtful ones denoted as 2). The databases at Whitehead Institute/ MIT (http://www-genome wi mit edu/r.pi- 
bin/contifi/rhmapper) were used to obtain the chromosome localization of these sequences. As shown in the Figure 4 those 
groups that showed expected sized PCR products only in human genomic DNA were subjected to RH mapping (Fie 5) Of 
the 10 MADS tested only 5 (IV, VII, VIII, IX and X) were successfully mapped to specific human chromosomes as shown 
in Table 1. For MADS VII, VIII, IX and X, the chromosome localizations obtained by physical mapping and by homologv 
search agreed. B} 

M   Hu    Hii    -vo 

Fig. 4. DNA gel electrophoresis (colors inverted for contrast) 
showing the presence of expected sizes of PCR products with a 
MADS-DC in which the template was human DNA and absence of 
any product in the negative controls (hamster DNA and water). 

'. f» r-«-* ^, „ f>, ;, w ^ w,,,» _ 
'■.'•«•J,«*^*»,^,,,^.    ^ 

•■v>**> •■,w««»r/pl,„'rlfl ^«n 

Fig. 5. A typical example of a RH mapping gel (MADS VII). 94 PCRs were run with a pair of 
primers (MADS-VII) using 94 DNA samples each consisting of a known chromosome segment of 
human genome. Hamster DNA and water were used as negative controls in the 95th and 96,h PCRs. 

iv. Screening patient samples with MADS-IV: While screening different MADS on DNA samples of cell lines derived 
from normal tissue and primary tumors of three breast carcinoma patients who had known losses in specific chromosomal 
regions, we found that MADS-IV was missing in the tumor DNA samples of one patient cell line (Fig. 6) Since it appears 
to be homozygously lost in primary tumor cells in PCR results, it must be also lost in metastasis 

2.0 kb 

0.2 kb 

MAOS-VIH MAGS-VII MAGS-IV MAGS-II 

12345  6789  1011121314 IS 16171319 20 2122 23 24 2526 27 

PH~ 

Fig. 6. PCR screening of 4 MADS on DNA samples of paired normal cells (lanes with even numbers from 4-26) and 
primary tumor cells (lanes with odd numbers starting from 5-27) derived from three breast carcinoma patients with 
loss of heterozygosity for a region on chromosome lOq encompassing gene PTEN. Lanes 1: 2Kb DNA marker- 2- 
Positive control; 3; Negative control; PCR results with MADS VIII with product size of 171 bp (lanes 4-9)- MADS 
VII with product size of 171bp (lanes 10-15); MADS IV with product size of 190bp (lanes 16-21) and MADS II 
with product size pf 144bp (22-27). Lane 19 represents tumor cell line sample of a patient showing absence of a 
185bp product, ß-actin internal control is not shown in this figure. 
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PCR "screening of MADS-IV in additional 9 primary tumor DNA samples with matched normal tissue DNA samples, 
received from Dr. Wahab (Cairo University), we observed the loss of MADS-IV in 2 tumor samples (Tumors 6 and 9). 
The intensity of the PCR product for MADS-IV was less than half in tumor 6 compared to normal, while it is completely 
missing in tumor 9, which indicates that MADS-IV probably is heterozygously lost in tumor 6 and homozygously lost in 
tumor 9 (Fig. 7). However since the DNA samples were not from microdissected tumor cells, it is possible that some other 
tumor samples (other than 6 and 9) also may have loss of MADS-IV. We therefore requested Dr. Wahab to send primary 
tumor and the matched positive lymph node tissue paraffin blocks for these 9 cases to isolate tumor cells by LCM for 
further PCR screening. Dr. Wahab is waiting for approval from the concerned Egyptian and US agencies because of the 
restrictions due to anthrax related mail problems. Thus far MADS-IV was found to be missing in 3 tumors out of 12 
tumors screened so far. 

6N  61      9N  91 

MAGS- IVI 

-71 

Fig. 7. PCR screening of MADS-IV on normal (N) and tumor (T) 
DNA samples. Tumor 6 showed heterozygous loss and tumor 9, 
showed homozygous loss of MADS-IV. 

v. Screening patient samples with MADS-IX: To determine if these implicated sequences are indeed associated with 
metastasis rather than transformation, DNA was used from cells recovered with the LCM (Fig. 8) method from normal, 
primary and metastatic tissue samples from 5 additional patients. These samples were screened by PCR using primers 
designed from different MADS. As shown in the Figure 9, MADS-IX was present in normal cell DNA samples of all the 5 
patients but the intensity of hybridization was less in the primary tumor cell DNA samples from 2 patients and totally 
undetectable in the metastatic cell DNA of these two patient samples, suggesting a loss of this gene sequence during 
progression to metastasis. This analysis revealed that MADS-IX was lost in the transition from normal to primary to 
metastasis in 2 of 5 cases (3 of 6 cases if the case used in the RDA assay is included). The fact that it was present in 
primary tumor cells, but missing in lymph node metastatic cell foci strongly suggests that this is a marker for a novel 
metastasis suppressor gene. 

Fig. 8. Laser capture microdissection (LCM) apparatus 
and illustration of the microdissection procedure. A. The 
apparatus; B. Membrane caps; C. The principle of LCM 
method; D. Positivee lymph node section before LCM and 
E. After LCM; F. Dissected puree population of tumor 
cells. 

N 
1 

2 

3 

M 

180bp 

4 I     II    | 

ß-actinEJZE 295bp 

Fig. 9. PCR screening of MADS LX on normal, primary 
and metastatic cell DNA samples of 5 patients. PCR results 
showing the target DNA band (180bp) missing in the 
metastatic cell DNA of patients 1 and 3 (M lane), ß-actin 
as an internal control. 

The RH mapping revealed that MADS-IX is localized to a 21cR interval between markers, D105539 and D10S549, 
corresponding to human chromosome 10 band q21.1 (http://ncbi.nlm.nih.gov). To determine if this gene is close to PTEN, 
we screened 4 tumor cell lines and matched normal DNA (the first 3 tumor cell lines had known losses in specific 
chromosomal regions, the 4th had loss of homozygosity of PTEN gene). PCR screening of MADS-IX and PTEN showed 
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' that MADS-DC is present in all the 4 tumor cell lines (HCC-1806, HCC-1143, HCC-1428 and HCC-1937), especially the 
4th cell line. PTEN is present in 3 cell lines, but missing in the 4th cell line, indicating that it is a novel DNA sequence but 
neither a part of PTEN gene nor localized in the homozygous loss region of chromosome lOq arm encompassing PTEN 
region (Fig. 10). 

IN    IT   2N   2T   3N   3T   4N   4T 
(■■■■■■■■■MMHPIIBRI 

MAGS-IX M  ' 80bp 

Fig. 10. PCR screening of MADS-K on normal and tumor DNA samples from breast carcinoma cell lines 
that losses in specific chromosomal regions (especially the 4th which had loss of homozygosity of PTEN 
gene), showed the presence of MADS-K in all 4 cell lines. The second row showing the presence of PTEN 
in the normal cell DNA but missing in the tumor cell DNA of 4th cell line (4T lane), indicating that MADS- 
DC is neither a part of PTEN nor localized in the loss region of lOq which encompasses the PTEN gene, ß- 
actin was used as an internal control. 

Localization of MADS-IX by FISH. The main aim is to identify a panel of DNA markers that can differentiate the 
archival tumors which did metastasize from those which did not. Since normal and tumor cells are present side by side in a 
primary tumor sample, we proposed that FISH is the best way to verify if these markers are present in normal cells and 
missing (one allele or 2 alleles) in the tumor cells. In these attempts we used MADS-IX as a FISH probe. Generally, FISH 
requires larger sized probes (DNA fragment: l-1000kb). Since the size of the MADS-IX is only 180bp, we designed 
primers from the BAC clone that has homology with MADS-DC, and isolated a DNA fragment sized 2 Kb encompassing 
the MADS-IX by long-accurate PCR using normal human genomic DNA as the template. This 2 Kb MADS-IX is used as 
a FISH probe to localize on human metaphase chromosomes to determine that MADS-IX is a human sequence and not an 
artifact. We labeled MADS-IX with spectrum green (Vysis) and probed on normal human metaphase chromosomes (Fig. 
11). The result showed that MADS-DC is localized on chromosomelO at q21 region (close to centromere on the long arm). 

Fig. 11 Localization of MADS-IX on human metaphase 
chromosomes. Centromere of chromosome 8 was used as a 
positive control probe. MADS-DC was found to localize around 
10q21 chromosome region (close to centromere). Both the 
MADS-DC and CEP-8 are labeled with spectrum green (Vysis). 

Identification of loss of MADS-IX on a primary tumors by FISH: Since our long term goal is to screen the MADS as 
FISH probes on primary tumor tissue sections to predict if that primary tumor is prone to developing metastasis or not, we 
made an attempt to screen MADS-IX as a FISH probe on normal tissue and primary tumor tissue sections of a patient who 
developed metastasis. We labeled chromosome 8 centromere (positive control) with orange red and MADS-DC with orange 
green and screened normal tissue, primary tumor and positive lymph node tissue sections. Normal tissue section showed 
several red and green signals but the cell/nuclear morphology was not clear due to lot of fat around the cells. In the 
primary tumor tissue sections, as expected the tumor cell nuclei were much larger than the normal cell nuclei and the FISH 
signals were clearer than that of the normal cell nuclei. Since we used 2 probes, we expected 3 patterns of labeling signals 
in the nuclei (presuming the centromere of chromosome 8 is not lost in these tumors), (i): 2 reds and 2 greens, if it is a 
normal cell nucleus or a tumor cell nucleus that did not lose MADS-DC; (ii): 2 reds and 1 green, if there is heterozygous 
loss of MADS-DC; (iii): 2 reds and no green, if there is homozygous loss of MADS-IX. As shown in figure 12, we 
observed clearly all the three patterns in the primary tumor section. Out of 50 good cells observed in the primary tumor 
section, 26 clearly were of first pattern (normal), 20 were of second pattern and 3 of third pattern. Similar FISH in the 
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positive lymph node tumor section of the same primary tumor showed more pattern 3 cells rather than pattern 2 cells. 
Recently we screened another primary tumor that did not develop metastasis. Out of 50 cells observed, interestingly we 
did not record any cell that belonged to pattern 3 and only 3 cells that showed pattern 2 (loss of heterozygosity). These 
results are preliminary but they are promising. As mentioned elsewhere in the present FISH preparations, we switched the 
dyes to avoid confusion between the spectrum green labeled target sequence signal and artifact green color signals 
generated by fat lobules in the primary tumor section. In the present grant application we proposed to FISH screen all the 
15 MADS (Hopefully we will be able to find homology to MADS-IV in the gene banks soon. Otherwise we will approach 
Celera to provide the homology information) on thinner (4-5um) tissue sections with better cell morphology from breast 
carcinoma primary tumor tissue sections consisting of 40 cases that did and 40 cases that did not metastasize, in the first 
aim. We also proposed to transfer cells from tumor section onto the slide by just touching the slide surface. In this way 
we will be able to observe very clean preparations without any overlapping of cells from the tumor section which also 
facilitates recording of FISH results without confusion. 

Ik«-"  ' 

«si»? * 

Fig. 12. Localization of MADS-IX in different cells of primary tumor tissue section. Chromosome 
8 centromere (positive control with red signals) was labeled with orange red and MADS-IX with 
orange green (green signals). 3 patterns of labeling signals in the nuclei were observed: (i): 2 reds 
and 2 greens, if it is a normal cell nucleus or a tumor cell nucleus (right side top inset) that did not 
lose MADS-IX; (ii): 2 reds and 1 green (left lower inset), if there is heterozygous loss of MADS- 
IX; (iii): 2 reds and no green, if there is homozygous loss of MADS-DC (left top inset). 

vi. Screening patient samples with MADS-XI: The MADS-XI, has an interesting and also novel pattern of TG/AC 
repeats (Fig. 13). Since dinucleotide repeats (TG/AC) are correlated in several cancers with the severity of the disease, we 
became interested to screen some breast cancer patient samples. PCR screening of patient samples was not possible due to 
TG repeats. Consequently we used the sequence as a a32p-dCTP probe to screen a dot/Southern blot consisting of normal, 
primary and metastatic cell DNA of 5 patient samples (C-14153; C-1050; DS 97-919; C-14852; DS-711). The primary 
and metastatic tumor cells were isolated by LCM. The results showed that MADS-XI was missing in 4 out of 5 patient 
samples (Fig. 14). Analysis of additional patient samples using MADS-XI is underway. 

FGATCTTAATCCGGGGAGTGGCGTATGTAGTAGAAGAGTCTGGATTTGAGTAGTGTATGGT 
AACGCCAG (T-G)5 C (T-G)4GTA (T-G)2G (T-G)4T(T-G)3 GCA(T-G)3G(T-G)2TATGG(T-G)3G (T-G)3A 
(T-G)4GTGCG(T-G)2AGATACGTGG(T-G)3GGG(T-G)6 G (T-G)3 G (T-G)5 GTA (T-G)2 G (T-G)3 G V. 

Fig. 13. Complete MADS-XI with unique sequence (bold letters) and enriched with TG repeats; V= vector sequence 
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Fig. 14 a Results of slot blots using 32P-CTP probes prepared from MADS-XI on normal (N), primary (P) 

iüS^fu W gen°miC DNA SamplCS fr0m 5 ductal breast carcinoma Pati«ts. In cases 1  3 4 and 5 
MADS-IV hybridized to normal and primary but not to metastatic cell DNA, probably indicating the'loss of 
this sequence m metastatic cell DNA of these cases. Case 2 however showed signals in N/P/M samples b 
Ubiquitin gene was used as an internal control. V 

vii. Further characterization of MADS: To determine if a MADS is an expressed sequence of a gene and if expressed is 
it tissue specific (expressed only in breast tissue) or not, we performed RT-PCR and normal human mRNA dotfNorthern 
blotting experiments using the MADSs. For RT-PCR experiments, primers were designed from different MADS and used 
on normal human total RNA. RT-PCR results showed the expected size products of MADS-II and -IV, indicating that 
they are expressed sequences (Fig. 15). 8 

Fig. 15. RT-PCR of normal RNA using MADS-IV primers 
showing that the gene is expressing. Lane M: 200bp DNA 

-iS5bP marker band; Lane 1: Positive control; Lane 2: Negative 
control; 3-4: Total RNA from normal human tissue 
digested with DNAse I. 

2 nSId t0 h°m0l0gy Searc,h n°ur
tCheS Were f0Und f0r MADS'IV in the Sene banks ideating that it is possibly a 

novel DNA sequence associated with breast cancer. RT-PCR results showed that MADS-IV is an expressed sequence To 
°°»fi™ 1^' w? *»enf multlPle

j 
tis^ RNA Master Blots™ (CLONTECH Laboratories, Inc.) using MADS-IV as a 

a32p-dCTP probe. Results revealed that MADS-IV expresses in mammary gland and also in all the other human tissues 

?ni-n<; l^^^iuAnacn^•A or DNA sampies (E-coii synthetic ^ ^ *«*tRNA °r ««* ™A, or Con DW 
mdicating tha^t MADS-W IS a part of a human gene that transcribes commonly in human tissues (Fig. 16). Thi reiterate 

Sot™ h f^/ ParV°f ' frCti0nal 8ene P°SSibly inV0lved in breast tumorigenesis/metfstasii Full Northern 
blots are being performed to confirm these results and also to determine the actual size of transcript of this gene. 

MADS-IV 

WMM 

Hi ■"'  

UBIQUITIN 
Fig. 11. Results of Northern hybridization of RNA Master Blot 
(CLONTECH Laboratories, Inc.) using MADS-IV as probe. It 
showed expression in all of the human tissues, but not in non 
human RNA or cDNA (synthetic poly r(A), yeast tRNA or total 
RNA, or C0tl DNA) indicating that it is an expressed human gene 
sequence. No significant change in the intensity of signal was 
noticed in breast tissue (Arrow) compared to the remaining tissues. 
Ubiquitin gene was used as an internal control for normalization. 

v.u. Isolation of complete MADS: Generally RDA recovered size of differential sequences are in the range of 100-350bp 
For example MADS-IV is only 185bp. Since MADS-IV seemed to be a novel sequence without any homology in thegene 
banks, m order to obtain partial/full-length sequences of MADS-IV, we used human mammary cDNA £^ s ^S 

r^lirt ( ,CR) mCth0dS- ThC reaS°n behind theSe 2 approaches is t0 obtain c°Vte gene sequence o' 
Zr, fy ™ en0Ugj3ence so that we can «"* these MADS for transfection studies as well as use as FISH probes 
(more than 1Kb size of DNA sequence is required to use as FISH probe) to screen normal and tumor cells simultaneously 
on primary and metastatic tumor tissue sections of patients (Groups I and II). However recently we changed our approach 

vlcJT ■ MA3n? T8J° USC BACS C°ntaining MADS directly as FISH Probes and al*° transftct ren-ofitted BACs containing MADS into highly metastatic human breast carcinoma cell lines to evaluate their metastatic potential 
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• 4. Other RDA experiments 

i. Isolation of MADS by RDA using archival primary and metastatic breast carcinoma cells- 

' P ™T !n thuS Pr°JeCt iS t0 iS?kte Primary and metaStatic cells from archival breast tissue «»tions and subject their DNA 
to RDA to obtain genetic markers involved in the transition from primary to metastasis. We therefore isolated cells from 
the primary and metastatic tissues of 8 patients using laser capture microdissection equipment (Arcturus Co.) available in 
our LCM core facility at AECOM (Fig. 8). In the first RDA hybridization, the metastatic cell DNA was the teste and n 
the second the primary was the tester. DNA was extracted from the DNA bands on the loss and gain sides and cloned 

collated        mg $yStem InVitr°gen C°°' °ne hUndrCd Cl°neS fr0m 6ach °f the 8 RDA (l0SS> exPeri^nts were 

i'^^l MADS ^ RDA USing mammary carcinoma cell lines: We subjected a pair of cell lines derived from 
MDA-MB-435 to genomic RDA (GRDA). One cell line, HI-177, was low metastatic and other one, CMOO TO Ä 
metastatic The other pair of human mammary carcinoma cell lines were derived from primary tumors and the 
corresponding metastatic lungs in SCID mice (Price, 1996). Similar to other RDA experiments differential products from 
loss and gam were cloned and randomly 50 clones from each side were collected from RDA of both paired cell lines. 

5. Total Probe: From each of the RDA experiments (loss side) except for the first experiment, 50 clones were selected 
and transferred onto separate nylon membranes. In this way we prepared 8 membranes for 8 RDA experiments using tissue 
samples and 4 membranes using the cell lines. The DNA from the 11 MADS (isolated from the first RDA) were mixed in 
equal amounts and used as a 32p-dCTP probe (Total probe) on each of the 12 membranes. We picked up 47 clones that 
did not hybridize with the total probe. We believe that these sequences are novel (not present in the 11 MADS mixture) 
Similar to those differential sequences that were isolated from the first RDA, these 47 candidate clones were sequenced 
Sequencing revealed additional 4 groups of MADS. Thus bringing the total number of MADS to 15. 

The 4 new MADS have the following homology in the gene banks: 

MADS-XII: Product size: 125bp; 96% homology with BAC clone RP11-651C2 on chromosome 4 
MADS-XIII: Product size: 212bp; 99% homology with BAC clone RP11-452C13 on chromosome 7 
MADS-XIV: Product size: 231bp; 92% homology with BAC clone AC000119 on chromosome 7 
MADS-XV: Product size: 172bp; 95% homology with BAC clone AL590825 on chromosome 6. 

PI background information: The P.I. of this application, Dr. Achary, has a Ph. D. in Molecular Cytogenetics. During 
his Ph D. training he worked on different aspects of DNA replication in Drosonhila using chromosome and DNA fiber 
aooTo< ou te^hniques- He then sPent one year in Post-doctoral training in molecular biology at the NIH/NIDDK in 
rMI , w ?S bee" w°rkin8 as a Research Associate in the Department of Radiation Oncology at Albert Einstein 
College of Medicine (AECOM) since August 1994 and was promoted to Assistant Professor in July 1999 During this 
period he acquired additional experience in the basic methods of molecular biology including the more specialized 
techniques of RDA, RH mapping, LCM, and the cDNA microarray methods. Dr. Achary was trained in the laser capture 
microdissection method by Dr. Z. Zhuang and M. Emmert-Buck of the Developmental Molecular Diagnostic Unit 
Laboratory of Pathology, NCI-NIH, Bethesda, MD. He has been working closely with Dr. Kucherlapati, the previous 
chairman of the Department of Molecular Genetics and the director of Microarray facility at Einstein and has been 
collaborating with Dr. Harold P. Klinger, Professor of Molecular Genetics and Pediatrics at AECOM for these past three 
rSiSw M °ther emmCnt molecular geneticists and tumor biologists at Albert Einstein College of Medicine and 
SrS^S SUpP°rtfd

1
Cancer ReSearch Center- He has a three-year Idea grant from the US Army and a pilot grant from 

RTOG. These funds have allowed Dr. Achary to set-up a facility for undertaking cDNA microarray studies in the 
Department of Radiation Oncology in collaboration with the Departments of Molecular Genetics, Pathology and very 
recently Molecular Pharmacology. Besides looking for DNA markers of breast metastasis his group is also using cDNA 
microarray and proteomics methods to identify prognostic markers of breast and cervical cancers. They have been using 
""?Setasf;s suppressor) and erbB2 (Metastasis promoter) transfected human mammary carcinoma cell lines (MDA- 
MB-435) and the resulted tumors in SCID mouse model to understand the signal transduction pathways of metastasis 
mediated by nm23 and EGFR family members especially ErbB2. Dr. Achary is an active member of RTOG and served on 

PWUS?? "Tr? JTA 
tlSSUf COmmittee al°ng With Dn Carl° Croce' Director of Jefferson Cancer Institute, Philadelphia and Dr. SaHy Amundson of NCI/NIH in 1999. Dr. Eliot Rosen of LIJ, Dr. Elias Lianos of UMDNJ, Dr. Jeff 

Segall of AECOM and Dr. Gmho Maria Pasinetti of Mount Sinai Medical Center have been collaborating with the PI for 
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their cDNA microarray studies. He is presently being trained at Mount Sinai Medical center in the use of proteomics in 
breast cancers. Several labs at AECOM, UMDNJ and Kansas Cancer Center collaborate with the PI for his expertise in 
LCM. Dr. Achary has been strongly motivated by the environment at Einstein, and the ongoing research work, have 
stimulated a strong interest for tumor biology, particularly in cancer diagnostics, an area to which he intends to devote his 
career. It is expected that the experience gained from the ongoing work and the knowledge accumulated from participation 
in journal clubs, seminars, laboratory conferences and many other activities of the Cancer Center, the Genome Center, the 
Departments of Molecular Genetics and Radiation Oncology, will catalyze the applicant's development and lead to his 
becoming a productive cancer investigator. 

Research design: 

Ductal Mammary Carcinoma tissue samples 

(Normal/Primary/Metastasis) 

I 
Isolation of pure tumor cell population (LCM) 

I 

Genomic DNA RDA (Normal DNA as Tester) 

I 
Loss (Clones) 

I 

Screen with Total Probe (11 MADS previously isolated) 

I 
Additional (Novel) MADS (4) 

I 
15 BACs containing corresponding MADS (BACs/MADS) 

I 

Screening 80 primary tumor samples (Groups I and II) Evaluation of metastasis 

1 
(LCM) 

1 

1 

1 

1 
Retrofitted MADS/BACs (2-4) 

1 
Q-Rt-PCR FISH Transfection of MDA-MB-435 cells 

1 
In Vitro and In Vivo mouse models of metastasis 
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Specific Aim 1; To isolate a panel of DNA sequences for detecting primary tumors those did (Group-I) and those 
(Group-II) did not develop metastasis. 

As reported in the preliminary data, we have previously isolated 11 metastasis associated DNA sequences (MADS) and 
three of these were shown to be missing in samples of metastasis from additional patients. From subsequent 10 RDA 
experiments using the 'total probe' method we have identified 4 additional MADS. We propose to screen thesel5 candidate 
MADSs step-wise by a quantitative real-time PCR (Q-Rt- PCR) and by fluorescence in situ hybridization (FISH) methods 
on primary tumors of 40 patients who developed metastases in the lymph nodes (Group-I) and 40 patients who did not 
develop metastases in the lymph nodes within 5 years of primary tumor detection (Group-II). Tumor cells will be isolated 
by Laser Capture Microdissection (LCM) for Q-Rt-PCR analysis. We have designed primers for all the MADSs for Q-Rt- 
PCR and also identified BACs that contain respective MADSs and also currently using the whole BACs as FISH probes. 

Experimental steps: 

l.The first step is for the collaborating pathologist, Dr. Jones to reconfirm the clinical parameters of the 80 ductal mammary 
primary tumors and 40 positive lymph node samples corresponding to the 40 primary tumors that developed metastasis 
(Group-I). All the tumor blocks will be coded by Dr. Jones and provided to the PI (blinded). 
2. *Cut about 20 tissue sections (4-5um) from each of the 80 primary tumors and 20 sections from each of the 40 positive 
lymph nodes. One will be used as a reference slide with H & E staining, 15 sections for FISH, 2 for LCM and 2 saved as 
back up. 
3.Isolate tumor cells from 80 tumors (2 slides from each) by LCM for Q-Rt-PCR analyses of 15 MADS. 
4.Confirm the presence of the MADS in respective BACS by PCR using primers designed from the MADS. 
5.Q-Rt-PCR analyses of 15 MADS on DNA samples derived from 80 tumor samples (Step 3). 
6. Use BACs containing MADS as FISH probes on tumor tissue sections of 80 primary tumor samples. 
7. Q-Rt-PCR and FISH screening on 40 positive lymph node samples. 
8. Determine the consistency between Q-Rt-PCR and FISH results in 80 primary tumor samples. 
9. Decode the blinded samples and determine if groups-I and II could be differentiated by screening of 15 MADS with Q- 
Rt-PCR or FISH or both methods. 

*Attempts will be made simultaneously to use a simple method to prepare slides with tumor cells without using cut tissue 
sections from the tumor block. The tumor tissue material is exposed by trimming of the paraffin. Material from the block 
and then by touching the tumor tissue side at several places on the slide which will allow some cells to attach from the block 
on to the slide surface. Conventional methods will be used to fix the cells followed by standard FISH procedure. We have 
not yet used this method in Pi's laboratory. However PI has watched Dr. Zhuang's group using this method at NCI for 
FISH and fibre FISH analyses. 

Expected results and potential pitfalls: 

The techniques involved in this proposal (LCM, RDA, Q-Rt-PCR, FISH etc.) are robust and hold great promise to achieve 
the objective in this grant application. Based on our preliminary results, we expect that the first aim will yield a panel of 
useful DNA markers which could differentiate primary tumors that did develop metastasis from those which did not develop 
metastasis. As shown in the table 2, we expect that a significant number of tumors in group-I will show loss of 
heterozygosity for majority of MADS and the corresponding positive lymph nodes should show homozygous loss. Similarly 
a significant number of tumors of group-II will show no loss for those MADS. However marker status comparisons will be 
made only between group-I primary tumors versus Group-II primary tumors. In FISH screening the target BAC/MADS 
will be labeled with Spectrum orange (previously we labeled with spectrum green and green signals were sometimes difficult 
to identify if fat lobules which take lighter green stain are present in the tissue section) and the control probe (centromere of 
chromosome 8) will be labeled with spectrum green or some other dye. In such a situation, normal cells will have 2 red and 2 
green signals; cells with heterozygous loss of target MADS will have 1 red and 2 greens and cells with homozygous loss will 
have only 2 green signals. Q-Rt-PCR results, FISH results along with tumor data will be tabulated for analysis. 
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Table. 2. Hypothetical status of DNA markers (For example, 5 markers, I-V) in groups I (For example, 5 tumors) 
and II (For example, 5 tumors) breast carcinoma tumors. No loss= ++; Heterozygous loss= +/-; Homozygous loss= -/- 

Group-l 
tumors 

1 2 3 4 5 Group-l   +vc 
L. Nodes 

1 2 3 4 5 Group-II 
tumors 

1 2 3 4 5 

MADS-I +/- +/- +/+ +/- +/- MADS-1 -/- -/- -/- -/- +/- MADS-I + + + + + 
MADS-II +/- +/- +/- +/- +/- MADS-II -/- -/- +/- -/- -/- .MADS-II _ + + + +/- 
MADS-1II +/+ +/- -/+ +/+ +/- MADS-III +/- -/- -/- -/- -/- MADS-III +/- + +/- + + 
MADS-IV +/- +/- +/- +/- +/- MADS-IV +/- -/- -/- -/- -/- MADS-IV + + + + + 
MADS-V +/- +/- +/+ +/- +/- MADS-V -/- -/- -/- +/- -/- MADS-V + + + + + 

1. As mentioned in the preliminary results, we used techniques like inverse-PCR, Genome walker and Long & Accurate 
PCR to generate long sequences from the intronic sequences (MADS) that were generated by RDA. Similarly for exonic 
sequences (MADS) we used cDNA and BAC library screening methods. Subsequently we generated intronic DNA 
sequences (MADS-I and -DC) long enough (2Kb) to use as FISH probes. We also isolated few positive cDNA clones 
from a breast carcinoma cDNA library from an exonic sequence, MADS-IV. These clones are being characterized. 
However, we will not continue to use these techniques to isolate long DNA sequences or full-length cDNA sequences in 
the present proposal. Instead, as mentioned elsewhere we will directly use the BACs containing the MADS as probes in 
FISH screening methods. We previously expected that the size of the BAC insert may be larger than the deletion. 
Therefore we presumed that the large BAC may hybridize to the either side of the extended sequence of the deletion 
leading to misinterpretations of results. However after consultation with several Cytogeneticists now we realize that most 
of the deletions are larger than the BACs, therefore we proposed to use directly BACS as FISH probes in specific aim 1. 
In any case the FISH results should corroborate with Q-Rt-PCR results. 

2. Q-Rt-PCR and FISH methods are working very well in our hands and we expect that the results of one will strengthen 
the results of the other in the present investigation. We expect to find a unique but consistent pattern of presence/absence 
of the 15 MADS in majority of the primary tumors that developed metastasis (Group-I) which will be different from that 
of Group-II primary tumors. At this stage Drs. Negassa, Jones and Klinger and PI will analyze these data with respect to 
the clinical parameters of the tumor samples to determine if a statistically significant panel of markers could be 
established to reliably identify ductal mammary carcinomas that are prone to developing metastases (Group-I) from those 
that are not likely to metastasize (Group-II). Statistical considerations were mentioned in methods section and a letter 
from Dr. Negassa is enclosed. 

3. The advantage of RDA over other subtraction methods is the "representation" step which lowers the DNA complexity of 
both tester and driver. This allows one to achieve greater completeness during subtractive enrichment and hence a more 
effective kinetic enrichment. Similar to most PCR based techniques, however, the RDA method has a considerable level 
of background, leading to concerns about the success of isolating genes in breast tumor progression. However, the 
experience of others with RDA in other types of tumors (Li et al., 1997) and our preliminary studies support this approach 
for identifying DNA maker sequences and possibly new genes 

4. Another concern is that RDA may not be productive to compare primary tumor and metastatic cells, to find MADS, 
since many of the changes identified may occur subsequent to metastasis but not be the cause of metastasis. Furthermore! 
in order to metastasize, cells within primary tumor must have alterations in the relevant gene sequence. Therefore RDA 
may fail to detect a difference if the loss is present in both primary and metastatic cell types. Though this is possible, we 
strongly believe that the current strategy will be effective because our primary tumor cell population should include a large 
percentage of cells that have not lost the gene and are not destined to become metastatic. Therefore a difference can be 
detected. When normal cell DNA from a subject was used both as driver and tester in RDA it gave no differential 
products indicating that the sequences hybridized were similar, thereby total subtraction after three rounds of hybridization 
(personal communication from Lisitsyn, N.). Based on this information, when we compared the microdissected cells from 
primary and metastatic cells, if there was no difference between them with regard to their genetic make-up, then we should 
not have gotten differential bands after three rounds of hybridization. As mentioned elsewhere we performed successfully 
8 such RDA experiments that yielded several differential products. Our FISH results using MADS-IX on primary tumor 
tissue sections support this argument. Besides, referring to the preliminary results section, we believe that this approach 
can be successful. For example, when the MADS-XI was hybridized on the normal, primary and metastatic cell DNA, 
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SrTv MZ X w TlVeaSt 4 °Ut V CESeS) °nly " metaStaS1S but not in nomaland ***** ce 1 DNA 
• a£      i .I beumiSSmg m th£ metaStatic Cel1 DNA of 2 out of 5 Patient samples indicating that we 

are ab e to isolate those sequences that are lost in metastasis. Besides, a number of useful discoveries have been mad 

IS^^^^ and DLC']' a n°Vel gene' frequent1^ deleted in human ^ '-- Yuan *al 1998). We should be able to discriminate what are likely to be etiologically important sequence changes £ om random 
changes of no or litt e importance, by the fact that changes relevant to the metastatic process ÄZJÄ 
found m a large population of different mammary tumors with similar histopathologic and clinical parameters 

tIZ Tening °f,^ MADS,using microdissected tumor cell DNA from different samples may not provide consistent 
results.   For example m one of our Southern blots a MADS was found to be present in normal and wa^mSTn 

and metastatic cell DNA. This indicates that even if we carefully perform microdissection (LCM/SCM), contan^nation of 

SToS; s*ZsmZt:^opT7t ir* rIls may provide misieading resuits «* *™ ^ *-2ZK me otoe hand Southern blot is a robust technique but requires larger quantities of DNA. Biopsy samples however 
provide limited DNA. To circumvent this problem we use the amplification method proposed for "re^Sn stepMn 
RDA experiments (Lisitsyn et al 1993) for the blotting experiments. Instead of ordinary PCR we thereL sorted ulng Q- 
Rt-PCR. However we believe that FISH probes will provide more detailed information as the probes will be hybrS on 
tumor tissue sections consisting of tumor cells surrounded by stromal cells. We expect that the MADSTshouUIbepresent in 

F^tould bTrg
t TTt Tr CdlS ln thC SamC tiSSUe SCCti0n- By -mining primär^ ÄSE FISH we should be able to identify the subpopulation of tumor cells that have loss and may be likely to metastasize FISH 

mSastat. " * ^^^ °f ^ *™ ^ that have lost those MADs'that Jl^TZ^r 

MTA£ tlm ^ To determine if RA^ containing MADS have inhibitory .ff>., nf nw^,;. Highly metastatic MDA- 
MB-435 human mammary carcinoma cells will be transfected with the retrofitted BAG containing MAVJS of ntereYtIn 

S 2BMM™Z\T m°USe m°delS Wm * ^t0 detemine if the highIy "c cell lihe Set 
SS^SSS Ä      °W °r n0n"metaStatlC ^^ **Most P---g MADS (2-4; 1-2 per year) will be 

Experimental steps: 

-SfnTotilt MA°^ted,l t* rtair8 **m°St Pr°mising MADS (BACs/MADS) with selectable marker. Most promising MADS will be selected basing on the following criteria: 
1 (hl^S *! mv {nl' (heterozyg°J

us loss)in a significa* number of primary tumors and completely missing 
(homozygous loss) m the corresponding positive lymph nodes 

il^äZ^(TAcl^tQ that 8eneS aSS°Ciated With tUm°rigeneSiS °r metaStasis are located withi» the 
n ~      f- If Blast sca?h resuIts show hi§h similarity with any genes with cancer related functions 
2. Transfectioiii of fitted BACs/MADS into MDA-MB-435 metastatic human mammary carcinoma cells. 
3. Isolation of MDA-MB-435 cell clones containing BAC/MADS by selectable marker screening 
4. Evaluation of the metastatic potential of the BAC/MADS transfected MDA-MD-435 cells using In Vitro (Cell invasive 
assay) and In Vivo methods (Spontaneous mammary fat pad mouse model). ( 

5. Identification of BACs containing putative metastasis suppressor genes. 

Expected results and potential pitfalls: 

We expect that some of the BACS containing MADS will show metastasis inhibitory potential.  This will then indicate 

SStS H
5IZ:^TTTr(M1G)ryberesidingintheBACinse«mproximi^o&M MADS. However isolation and further functional studies of the putative MAG will require a separate grant application. 

^/wr?008,8" m°Stly limitCd t0 inVasi°n Studies usinS matriSels and may not really reflect the metastatic 

S;| olB^c/M^rcells-So we added an In vivo mouse model experiment to evate the —" 
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2. BAC libraries are widely used at present because they are commercially available and they have the advantage of 
containing large inserts that average 140kb (Shizuya et al. 1992). In addition, BACs are very stable because they are based 
on the Escherichia coli F-factor plasmid, which maintains a very low copy number in bacterial cells, thus minimizing the 
possibility of recombination and resultant chimeric clones. In spite of these advantages, BACs cannot be used as shuttle 
vectors because they do not contain a selection system or reporter genes suitable for expression in eukaryotic cell lines. 
Thus, when BACs of interest are identified, it is necessary to modify or "retrofit" them to use them for biological studies. 
Current methods of retrofitting BACs rely on performing restriction enzyme digests to isolate genomic fragments, followed 
by ligation into vectors that contain the desired markers (Mejia and Monaco 1997) or on homologous recombination with a 
shuttle vector that must be constructed specifically, based on the sequences present in the genomic insert (Yang et al. 1997). 
We believe that this retrofitting strategy using RETRObac will prove to be a valuable resource for isolating and analyzing 
new genes, as it allows for direct selection of cells that contain transfected BACs. The large size of the genomic insert in the 
BAC vector improves the chances that a single BAC clone will contain a gene in its entirety, along with its regulatory 
regions, making them well suited for eukaryotic genetic transfer studies (Kim et al., 1998). 

3. We have transfected a metastasis suppressor (nm23) gene and a metastasis promotor (ErbB2) gene with plxsn vectors 
into MDA-MB-435 cells and successfully examined the primary tumors, lymph nodes and lungs in a SCID mouse model. 
So we can easily transfect BAC/MADS into 435 cells. We have not done retrofitting of BACs in our laboratory. In this 
regard Dr. Athwal of Temple University, agreed to help us if we face any difficulty in the construction of retrofitted 
BAC/MADS. 

4. Transfection experiments will give a functional readout. If the effect is not +/- then quantitative effects will need to be 
evaluated using a large enough series of animals to detect a statistically significant difference. Histologie imaging techniques 
will be employed to quantitate the number and measure the size of metastatic foci in the lymph nodes as well as lungs. 
Verification of functional relationship between expression of gene(s) and decrease in metastasis will support a future study 
proposal to investigate function in mice with targeted knock out of the gene in tumor cells. Since retrofitted BACs containing 
the MADS are used, no matter if the MADS are expressed or unexpressed sequences. In either case the metastatic potential 
could be tested in this format. However, those that can be tested and which show an in vivo effect, will be valuable in 
isolating novel genes associated with metastasis. 

Time Table: 

Taskl. Specific aim 1 : Characterization of additional RDA products 1-4 months 
Task 2. Specific aim 1 : Sectioning of 80 tumor samples 1-3 months 
Task 3. Specific aim 1 : LCM of 80 tumor samples 3-8 months 
Task 4. Specific aim 1 : Q-Rt-PCR of 80 tumor samples 3-14 months 
Task 5. Specific aim 1 : FISH of 80 tumor samples 3-18 months 
Task 6. Specific aim 2 : Preparation of retrofitted BACs containing MADS 8-12 months 
Task 7. Specific aim 2 : In vitro metastasis evaluation of MADS 8-12 months 
Task 8. Specific aim 2 : In vivo metastasis evaluation of MADS 8-20 months 
Task 9. Statistical analysis of complete results (Co-relation of MADS to patient groups I and II) 20-22 months 
Task 10. Preparation of manuscripts and final grant report 22-24 months 

Methods (l): 
(Being used/to be used in the experiments proposed in this revised application) 

1. Archival DMC tissue samples: 

Thus far, we have collected about 120 ductal mammary carcinoma (DMC) which have at least 5 years of follow up. 
These archival ductal mammary carcinomas (DMC) were collected from the Co-operative Human Tissue Network, 
Pathology Department of AECOM/MMC and NCI/NIH. From the clinical records Drs. Jones and Klinger found that out 
of 120 cases, 50 primary tumors have developed metastasis and remaining 70 have not developed metastasis. For this 
investigation we have selected 40 primaries that developed lymph node metastasis and 40 primaries that did not develop 
lymph node metastasis within 5 years of cancer detection. Recently paired DNA samples from normal tissue and primary 
tumor of 9 DMC were received as gift from Dr. A. Wahab of Cairo University. He will be sending soon a set of 100 
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primary tumor samples (with positive and lymph nodes) and matched normal DNA with all the available clinical 
parameters (His letter enclosed). If time permits we will extend our studies to these samples. To generate preliminary 
data so far we have used 9 cases of ductal mammary carcinoma tumors, measuring less than 2 cm that have metastasized 
to lymph nodes. These tumors are characterized histopathologically as, well (3 cases), moderately (3 cases) and poorly (3 
cases) differentiated. The already generated data and the data that will be produced during this study by PCR and FISH 
screening of 15 MADS, the clinical parameters of 80 patients will be entered into a separate computerized database we 
have established to facilitate later analysis of the various tumor parameters. Appropriate statistical analyses of the data 
will be performed by Dr. Negassa, a biostatistician in the Department of Epidemiology and Social Medicine at AECOM 
(His letter is attached). Based on the preliminary results, he suggested the following statistical consideration: 

Statistical considerations: 

We have isolated about 11 candidate metastasis associated DNA sequences (MADS) that were found to be lost in 
metastatic cells. When screened on normal, primary and metastatic cell DNA samples from 10 breast carcinoma patients 
one of them (MADS-XI) was found to be lost in the metastatic cells of 3 patients and another sequence (MADS-XI) was 
found to be lost in 2 patients. This suggests an overall 50% genetic alteration with a 95% confidence interval of (20%, 
80%) derived from a non-parametric bootstrap (Efron and Tibshirani,1993). The wide confidence interval is attributed to 
the small size of the preliminary data. Assuming that the underlying percentage of genetic alterations is about 13%, i.e., 
same as the percent of mammary (lymph node negative) carcinomas that are prone to metastasize in lymph nodes, a 
sample size of 80 will enable us estimation within +/- 0.07 precision with 95% confidence level. 

In total 80 archival tissue samples will be used to correlate these genetic markers, retrospectively, with clinical outcome of 
patients. We will employ logistic regression (Hosmer and Lemeshow,1989) in order to assess the association between 
these genetic markers and clinical outcomes (i.e., metastasis and recurrence). The analysis will be adjusted for established 
prognostic factors such as lymph node status, ER/PR status, Her2/neu oncogene and Lympho-vascular invasion (Roses, 
1999). Given the aims of the study and the number of subjects to be involved, it is not realistic to consider all possible 
prognostic factors in the multivariable analysis. It is well known that most breast cancer prognostic factors are correlated 
with each other (Roses, 1999), therefore, restricting ourselves to the major risk factors is a reasonable approach and this 
also minimizes the problem of multi-collinearity during analysis. The results of the analysis will be reported as odds ratios 
with associated 95% confidence intervals. Since this is an observational study with a relatively small number of study 
subjects, there is a possibility of facing sparseness while attempting to look at a combination of prognostic factors 
simultaneously. In such circumstances, we will apply Exact approaches for binary data analysis (Mehta et al. 1992), and 
will report odds ratios and 95% Exact confidence intervals. 

2. Isolation of cells from biopsy samples by laser capture microdissection (LCM). 

This microdissection (Emmert-Buck et al., 1996) allows efficient recovery of a large number of cells and minimizes 
contamination by non tumor cells from the archival histologic sections. This procedure thus obviated the use of labor 
intensive single cell microdissection method. LCM (Emmert-Buck et al, 1996) was used for isolating tumor cells from 
primary and metastatic tissue samples of additional patients for screening candidate metastasis associated DNA sequences 
by PCR. With the LCM method, 5-7um frozen sections are cut and freshly stained with H & E. These sections are 
examined and the areas of tumor cells are marked by Dr. Jones before LCM. A special transparent plastic cap, the 
bottom of which carries a transparent sterile thermoplastic film, is placed over the section. The slide is then placed on the 
microscope stage and cells that are clearly those of the tumor are selected. The diameter of the laser beam can be varied 
to cover one or more cells. This area is then pulsed briefly with a laser beam. This pulse heats the film and fuses the 
cells to it (Fig. 8). After many tumor cells have been captured in this way the cap is put on a 500ul PCR tube containing 
ATL lysis buffer (Qiagen Co.) and the DNA is extracted from the cells that are fused onto the outer surface of the cap. 

3. DNA extraction from microdissected cells. 

About 10,000 cells are microdissected by LCM from tumor tissue of sections. This microdissection takes about 25-30 
minutes and DNA is extracted using a modified method of extraction from archival tissues (Achary et al. 2002; Mukherjee 
et al. 2002). Briefly, the microdissected cell pellet is incubated overnight (42°C) in Qiagen lysis buffer (Qiagen Co.) with 
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BAC-DNA is isolated from cultures of retrofitted BACs by alkaline lysis and Qiagen column purified. Purified BAC DNA 
was introduced into immortal human mammary carcinoma (MDA-MB-435) cells using lipofection and electroporation 
methods. Both methods will be used parallel to recover large number of clones for further analysis. For electroporation, 
5ug of BAC DNA is mixed with lxl07 recipient cells in a 0.4cm gap cuvette and pulsed at 300 volts with 500 or 960 uF 
capacitance. For lipofection, lOug od BAC DNA is mixed with 300ul of lipotaxi reagent (Stratagene) and layered on top 
of a monolayer of 5x105 recipient cells. After 48 hours of growth in non-selective medium, recipient cells are fed with 
medium (DF12) supplemented with 10% FBS and containing 500ug/ml of G418. G418 resistant colonies, which appeared 
in the ensuing 3 week period, were either isolated individually in separate plates or followed in the parent plates. Colonies 
were observed for morphology and cell growth characteristics and photographed at regular interval. 

7. Evaluation of metastatic potential of BACS/MADS: 

In vitro assay: The cell invasion assay is based on the principle of Boyden Chamber (Albini et al., 1987; Yang et al., 
2001). Biocoat Matrigel invasion chambers are purchased from Becton Dickinson, and the protocol is provided by the 
manufacturer. Briefly, cells are plated in the top chamber (1.5 x 104 cells/chamber). An 8-um pore size Matrigel-coated 
polycarbonate filter separated the top and bottom chambers. The bottom chamber contained 5% FBS as a chemoattractant. 
After 24-h incubation, the noninvasive cells are removed with a cotton swab. The cells that had migrated through the 
membrane and stuck to the lower surface of the membrane are fixed with methanol and stained with hematoxylin. For 
quantification, cells are counted under a microscope in five predetermined fields at x200. 

Celt 
Culture 

T Mammary Fat Pad     T 

it'   1         *'   1 

s 
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Fig. 12. In Vivo Spontaneou 
Metastasis Model: The left 
panel represents the mouse 
injected with control cells 
(vector only) and right pane 
with a retrofitted BAC/M AI 
which has the potential to 
inhibit or reduce metastasis 

In Vivo Metastasis Assay: MFP model (Fig. 12): Human mammary carcinoma cells, 
MDA-MB-435 transfected with BAC/MADS are injected (@1 X 106) into axillary 
MFPs of anesthetized 5- to 6-week-old female SCID mice. Tumor sizes were 
monitored a week after inoculation of tumor cells. When the mean tumor diameter 
reaches 1.0 cm, tumors are surgically removed. Four weeks later, one set of mice (5) 
are sacrificed and lymph nodes are examined. After 8 weeks second set of mice (5) are 
sacrificed and visible lung metastases counted. Lymph nodes and lungs are removed; 
half snap frozen and half fixed in Bouin's solution for quantification of surface 
metastases as described (Welch, 1997). Animals are maintained under the guidelines of 
the NIH and approved protocols of IACU Committee of AECOM (Copy of the approval 
letter enclosed) 

Tumor histology and quantitative assessment of the efficiency of lung micrometastasis. 

The primary tumors, lymph nodes and lungs from each mouse are used for histological 
analysis. Samples are fixed in 10% neutral formaline buffer, embedded in paraffin, and 
sectioned at 5 urn. Sections are stained by H&E and reviewed and number of tumor 
cells/lung micro-metastasis scored by PI and Dr. Russell. For each lymph node and 
lung sample, all micro-metastases are counted under light microscope at 10X 
magnification and the total lung area is measured by UMAX PowerLook III color 
scanner (UMAX Technologies, Inc., Dallas, TX) and Adobe Photoshop 5.5 software. 
Briefly, after scanning the lymph node and lung sections, the cross sectional area in 
pixels were measured using PhotoShop. The number of pixels are read from the window 
of Luminosity. The actual lung tissue area is calculated with the aid of the pixel-metric 
conversion in the formula: {Lung tissue area (mm2)=numbers of pixelXO.001789284}. 
The efficiency of lung metastasis is expressed in metastases number per mm2 of lung 
area. 

Statistical analyses: 
Cell invasion: Cell invasiveness is measured as the number of invaded cells per 5 
fields. The comparison is made using ANOVA methods with a single contrast of 435 

control and 435-BAC/MADS transfected cells. 
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Metastasis: The number of lymph node or lung metastasis in the BAC/MADS transfectant is compared with control using 
Mann-Whitney rank-sum test (Zar, 1996). Means and SEs, as well as the ranges for those mice with metastasis, are 
reported for each. Each test is considered significant if the P is <0.05. All of the analysis will be performed using 
STATISTICA software (Statsoft, Inc., Tulsa, OK). 

Methods (II): 
(Methods that were exclusively used in the original grant application to 
generate preliminary data presented in this revised application and will not 
be used in this revised proposal) 

1. Representational Difference Analysis (RDA) method: 

The RDA method combines three elements: representation, 
subtractive enrichment and kinetic enrichment. Two to 
three rounds of hybridization/selection are used to achieve 
full purification of the difference products. Only important 
steps in the RDA method are presented in the diagram (Fig. 
13; see Lisitsyn and Wigler, 1995 and our results in Fig. 2 
a, b and c). Using 11 RDA experiments we isolated 15 
candidate MADS. We do not have intentions at present to 
perform additional RDA experiments. 

Fig. 12. Schematic representation of RDA method 
showing representation step, subtractive hybridization 
(1-3 rounds) followed by enrichment of differential 
target gene sequences. 
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Fig. 13 

2. Isolation of cells from biopsy samples by single cell microdissection (SCM). 

The RDA procedure requires about 95% purity of driver and tester DNA. For this reason previous workers used cell lines 
derived from fresh tissues (Lisitsyn et al., 1995; Li et al., 1997) or xenografts (Schutte et al., 1995). Both of these methods 
however, are not suitable for archival tissues. We therefore used SCM (Mukherjee et al. 2002) to obtain pure population 
cells to perform RDA experiments. SCM was performed on hematoxylin and eosin stained tissue sections of primary tumor 
and positive lymph nodes from the ductal breast cancer patient samples (Fig. 1). Currently we are using only LCM. 

3. Physical mapping of MADS by RH mapping: 

Radiation Hybrid (RH) Mapping: RH mapping is used to localize the MADS on human chromosomes using high resolution 
Gene Bridge 4 radiation hybrid panels (Research Genetics, Inc.). RH mapping is a somatic cell hybrid technique that was 
developed to construct high-resolution contiguous maps of mammalian chromosomes. The distance provided by this method 
is directly proportional to the physical distance. RH mapping uses a statistical program (RHMAP) that will provide the best 
map along with a measure of the relative likelihood of one order versus another of sequences by Radiation Hybrid mapping 
(http:www.sph.umich.edu/group/statgen/software). The RH panel of 93 radiation hybrid clones represent the whole human 
genome. This panel is a subset of 199 clone panel developed by Walter et al (1994). A human cell line was exposed to 
3000rad of X-rays and then fused with thymidine-deficient hamster recipient cell, creating a panel of hybrids with around 
1000 kb resolution. 

Based on the sequences of differential products isolated from RDA experiments, primers are designed for each group of 
candidate gene sequences. For RH mapping PCR reactions are run using 94 DNA templates and primers specific to the 
sequence being mapped along with a positive control (human genomic DNA) and two negative controls (Chinese hamster 
genomic DNA and no template). The results are arranged as suggested by Research Genetics Inc. (positive bands denoted as 
1; negatives denoted as 0 and doubtful ones denoted as 2). The databases at Whitehead Institute/ MIT (http://wvrw- 
genomeAvi.mit.edu/cgi-bin/contig/rhmapper) were used to obtain the chromosome localization of these sequences. 

Page 40 



, *  Principal Investigator/Program Director {Last, first, middle):    Achary Patnala Mohanrao.  

4. Screening of multiple human tissue Northern blots: 

To determine if a MADS is an expressed sequence or not and if expressed, is it tissue specific (expressed only in breast 
tissue) and tumor-specific, Human multiple tissue RNA Master Blots™ (CLONTECH Laboratories, Inc.) could be used. 
These are positively charged nylon membranes to which poly A+RNA from different human tissues and developmental 
stages have been immobilized in separate dots, along with several controls. It provides a fast, easy method for obtaining 
accurate information about the expression of a cloned gene of interest across a wide range of tissues and developmental 
stages. A MADS can be used as a <x32p-dCTP probe to hybridize with the RNA Master Blot, following standard Northern 
blotting protocol. Results will reveal if a MADS is tissue specific or expresses in all the tissues. In either case it will indicate 
if it is a part of a gene that transcribes. Ubiquitin gene is used as an internal control. 

5. Isolation of partial and full-lengths of MADS: 

Most of the RDA recovered MADS range in sizes from 100-300 bp. In order to use MADS as FISH probes to screen 
patient tissue sections, one needs either full-lengths or at least partial sequences (more than 2Kb). To accomplish this, 
inverse-PCR (I-PCR) and human mammary cDNA library screening are proposed. 

i. Inverse-PCR: I-PCR is generally used to analyze DNA sequences either upstream or downstream from a known sequence 
(Li et al., 1999). Normal human genomic DNA is digested and the DNA fragments are allowed to self ligate using T4 DNA 
ligase to form self-circularized sequences. This circular DNA is used as templates in PCR with newly designed forward 
(inverse X-l), and reverse primers (inverse X-2) using the Expand Long Template PCR System (Roche). The required PCR 
program is as following: At 94 °C for 2 min, followed by 10 cycles of 94 °C for 10 s, 52 °C for 30 s, 68 °C for 5 min, then 
20 cycles of 94 °C for 10 s, 52 °C for 30 s, 68 °C for 5 min with a 20s auto extension, and a final extension step at 68 °C 
for 10 min. The PCR products are run on an agarose gel and DNA is extracted from the top band (2-10Kb) and cloned into 
TOPO TA system (Invitrogen). Sequences more than 1 Kb size could be used as FISH probes. 

ii. Human mammary cDNA library screening: 

To isolate full-length cDNA of a MADS, a human breast adenocarcinoma library such as cDNA A.gtll library 
(CLONTECH Labs, Inc., Cat# HL 1099b) could be screened. Briefly, different dilutions of the lambda library is plated on 
LB plates and plaques are transferred onto membranes and screened with MADS as a32p-dCTP probe. After three rounds 
of screening, positive plaques are isolated and pure Stockes are prepared. The clones are characterized and sequenced to 
verify if they contain the original MADS. These cDNAs can be used as FISH probes and also for functional studies in 
breast metastatic cell line/SCID xenograft mouse models. 

iii. Isolation of full-length cDNA of MADS by BAC library screening: 

In order to use the MADS isolated in our RDA experiments as FISH probes, we propose to screen high density filters 
containing bacterial artificial chromosomes (BAC) and obtain the clone that consists of the MADS. These membrane 
filters are available from BACPAC Resources of Children's Hospital Oakland Research Institute, Ca. Following the 
procedure of the manufacturer, filters are processed for hybridization and MADS labeled as 32p dCTP probe by random 
prime labeling. Hybridize the membrane filters overnight at 65C and expose to film after washing. The positive clones are 
verified by PCR and sequencing if they contain the MADS. Then the BAC could be used as probe for FISH studies. 

e. Human subjects: 

A total of 80 archival ductal breast cancer tissues will be analyzed in this investigation. These samples consist of primary 
tumor, and positive lymph nodes (40 cases) and primary tumors without lymph node (40 cases) samples from individual 
patients. Computerized case histories of all the cases including data on the patients' pathological parameters, will be 
available to this investigation. However, this information is made available to the investigators in such a manner that 
subjects of this study cannot be identified directly or through linking identifiers. These patient samples are selected 
without any bias for race or age. Most importantly, the P.I. and the laboratory staff will be blinded with respect to the 
clinical response of the patients during the molecular studies. Successful completion of the proposed studies will lead to 
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MONTEFIORE MEDICAL CENTER 

Jack D. Weiler Hospital 
of the Albert Einstein 
College of Medicine 

A Division of Montefiore Hcdiul Center 

1825 Eastchestor Road 
Bronx, New York 10401-2373 
718- f7/{-?0/-W) 

June 24th, 2002 

Dr. P. M. Achary 
Assistant Professor 
Department of Radiation Oncology 
Albert Einstein College of Medicine 
Bronx, NY. 

MONTEFIORE 

Dear Dr. Achary, 

I am happy to serve as the collaborating pathologist for your project on the 
characterization of metastasis associated DNA sequences in ductal mammary carcinoma. 
I understand that as a collaborator, I will receive 5% salary support. As you know, I have 
a longstanding interest in the progression of breast cancer and, in particular, mechanisms 
of metastasis. Furthermore, as a senior level, actively practicing Surgical Pathologist, I 
have extensive experience in the evaluation of human breast cancer pathology. 

I will reconfirm the histopathology of the tissue specimens obtained from the CHTN and 
other sources and also will provide you with additional samples from archival tissues 
maintained by the Department of Pathology of the Albert Einstein College of Medicine 
and Montefiore Medical Center. Together we can reconfirm previously reported 
observations. I will also personally supervise you and your research personnel in the 
identification and confirmation of pure tumor cell populations obtained by laser capture 
microdissection (LCM). 

I have read the critique of your NIH R-21 grant application and understand the concerns 
of the reviewers. As discussed with you and Dr. Negassa, the collaborating 
Biostatistician, cases will be analyzed for appropriate clinically relevant parameters 
including tumor size, number of positive lymph nodes, hormone receptor and Her-2neu 
status. 

I look forward to an exciting and productive collaboration. 

?oOoan G. JOnes 
lessor of PatnbJogy 

PitffessQul££lini£dl OB/GYN & Women's Health 
Albert Einstein College of Medicine 
Director, Surgical Pathology 
Einstein Division, Montefiore Medical Center 



Albert Einstein College of Medicine 
of Yeshiva University 

Department of Epidemiology & Social Medicine 
Jack and Pearl Resnick Campus • 1300 Morris Park Avenue • Bronx, New York 10461 USA 

Abdissa Negassa, Ph.D. Phone: (7 j 8) 430 _ 3575 
Assistant Professor Fax:    (718) 430.8780 

Email: anegassa@aecom.yu.edu 

June 26,2002 

Dr. Mohan P. Achary 
Assistant Professor and Cancer Biologist 
Department of Radiation Oncology 
Albert Einstein College of Medicine 
Bronx, NY 

Dear Dr. Achary, 

I am happy to serve as a biostatistical consultant with 5% of effort in your project on 
"Markers of Metastasis in Ductal Mammary Carcinoma" which is being re-submitted to 
NIH. 

My experience as study biostatistician with BBD and P53 mutation studies here at 
Einstein and my familiarity with multivariable analysis will enable me to provide 
statistical input into your study both at the design as well as analysis stages. I will be 
available to help you with the statistical aspects of your study. I believe that your study 
has a great translational potential for better assessment of prognosis as well as designing 
better therapeutic strategies. 

I went over the reviewers' comments of your NIH R-21 grant application and understood 
the concerns of the reviewers. Based on my discussion with you and Dr. Jones, the 
collaborating Pathologist, now we have clearly specified the major clinical parameters 
that are going to be included in the multivariable analysis. 

I look forward to a productive and fruitful collaboration with your team. 

Sincere! 

fegassa, Ph. D. 
Assistant Professor 
Department of Epidemiology and Social Medicine 
Albert Einstein College of Medicine 



ALBERT EINSTEIN COLLEGE OF MEDICINE 
OF YESHIVA UNIVERSITY 

JACK AND PEARL RESNICK CAMPUS 
1300 MORRIS PARK AVENUE, BRONX, NEW YORK, 10461. 

Histotechnology and Comparative Pathology Facility 
Forchheimer Rm #734 / Office Phone - (718) 430-3209 

June 19th, 2002 

Dr. Mohan P. Achary 
Department of Radiation Oncology 
Albert Einstein College of Medicine 
1300 Morris Park Avenue 
Bronx, NY 10461 

Dear Dr. Achary: 

I am delighted for the opportunity to collaborate with you on your studies to characterize 
and to evaluate the candidate metastasis associated DNA sequences (MADS) in breast 
carcinoma. 

This support for your studies is provided under the services offered by the core 
Histotechnology and Comparative Pathology Facility at Albert Einstein College of 
Medicine. This institutional core facility is affiliated with the Comprehensive Cancer 
Center and provides support for pathology evaluations and interpretation, particularly in 
experimental animal model studies. I am a board certified veterinary pathologist with 
extensive experience in animal model studies and particularly models for studies of 
cancer mechanisms. I also have experience with examination of human tumors. I will 
help you with your experiments involving SCID mice to evaluate the metastatic potential 
of the cells transfected with BACs containing candidate metastasis associated genes. 

The core fecility will provide full custom histological laboratory services for the 
histological preparations required for your studies including sectioning and staining 
human mammary and metastasis tumors for laser capture microdissection or for FISH 
studies and similar studies of tumors from the mouse studies including processing. 

I am experienced in identifying tumor cells from lymph nodes of mice. Therefore we will 
be able to differentiate lymph node metastasis from lung metastasis in your SCID mice 
model. My experience with pathology of human tumors from my previous and current 
interactions with MD pathologists, together with my experience with experimental 
animal tumor pathology provide me with the experience and resources to support your 



studies. I will be happy to provide you additional pathology consultation services 
throughout the course of your studies. 

Sine/rely, 

DrJRobert G. Russell. BVSc, Ph.D., ACVP 
Scientific Director, Histotechnology and Comparative Pathology Facility 
' psociate Professor, Department of Pathology 



National Cancer Institute 
Cairo University 

Dean's Office t 

Dated: 6-25-02 

Mohan P. Achary Ph.D. 
Albert Einstein College of Medicine 
1300 Morris Park Avenue 
Bronx, NY 10461 

Dear Dr. Achary: 

1 am delighted to collaborate with you on your NIB grant to identify and characterize metastasis 
associated DNA sequences (MADS) in ductal breast carcinomas. I am happy to note that you 
have isolated couple of MADS and proposing to screen a larger population of breast carcinoma 
patient tissue samples to determine if they could be used as prognostic markers for the lymph 
node negative breast carcinomas. 

For the past several years our Pathology department has been collecting primary breast tumor» 
and matched paraffin embedded positive and negative lymph node material. We have more than 
100 such cases in my department and I will be happy to provide you with DNA or tissue blocks 
of those cases as per your requirement. As suggested by your Pathologist F will also provide you 
with the clinical information such as tumor size, lymph node status, ER/PR and Her2/ncu of each 
of the tumor. We are now collecting fresh frozen samples and you can also have access to them in 
near future for the cDNA microarray studies. 

1 learnt that you have already screened one of your MADS by PCR on 10 DNA samples 1 sent to 
you and found that it is lost in 2 cases. I will mail you another set of 10 cases as soon as possible. 
1 have also plans to visit your Institute between July and August this year. At that time I will iry 
to bring as many tumor samples as possible for the present collaborative investigation. 

As per our recent discussion please include in your proposal the expenses thai-ore expected in my 
department at Cairo university, towards cutting the tumor sections, processing, preparation of 
slides ready for LCM and required chemicals, reagents etc. 

Best of luck with your grant application. 

r. Abdel Hady Ali Abdel Wahab 
Cancer Biology Department 
National Cancer Institute 
Foam El-Khalig, Kasr Al-Aini 
Cairo University, Cairo, Egypt. 

Kasr El - Aini Street, Fom El - Khnlig, Cairo, Ej?ypt 

Tel.: 36OT53J - 3689711 - 3643640 - Fax 202- 3644720 riiiVT'tH&ä vui-w. _riAivn_nAWi 



IES2KB5.      SSäSBCfe. ÄÄÄM- 
Research and Molecular Biology Phüadclphia, Pennsylvania 19140 

(215) 707-4300 
Fax: (215) 707-4318 

June 22nd, 2002 

Möhan Achary, Ph.D. 
Albert Einstein College of Medicine 
1300 Morris Park Avenue 
Bronx, NY 10461 

Dear Dr. Achary: 

I am happy to collaborate on your NIH grant on the identification and characterization of 
metastasis associated DNA sequences (MADS) in ductal breast carcinomas. 

I understand that you have isolated several MADS and future work is to evaluate these 
DNA sequences for their role in metastasis. An easier experimental system would be to study 
the suppression of cell growth and metastasis potential, following the introduction of BAC 
clones, corresponding to each MAD clone, into MDA-MB-435 cells. We routinely perform these 
types of experiments in our effort towards the cloning of cell senescence genes. We will be very 
happy to provide any type of experimental help that you might need in accomplishing the 
objectives of your project. 

Best of luck; 

Sincerely Yours, * 

Raghbir S. Athwal, Ph.D. 
Professor 
Department of Pathology And Laboratory Medicine 
Fels Institute For Cancer Research and Mol. Biology 
Temple University School of Medicine 
AHB Room 202 
3307 North Broad Street 
Philadelphia, PA19140 
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ALBERT EINSTEIN COLLEGE OF MEDICINE 
OF YESHIVA UNIVERSITY 

JACK & PEARL RESNICK CAMPUS 
Belfer Educational Center for Health Sciences, Room 1002 

1300 Morris Park Avenue, Bronx, NY 10461 

Committee On Clinical Investigations 
(Institutional Review Board) 

Phone:(718)430-2237 
Facsimile Number: (718) 430-8817 

November 14, 2001 

Mohan P. Achary, Ph.D. 
Department of Radiation Oncology 

RE: CCI No.96-119  FWA: 00000140    MMC No.95 11 443 
TITLE: ISOLATION OF NOVEL GENETIC LESIONS IN CANCER PATIENTS BY 
REPRESENTATIONAL DIFFERENCE ANALYSIS OF ARCHIVAL TISSUES aka 
1. MOLECULAR MARKERS OF METASTASIS IN DUCTAL MAMMARY 
CARCINOMA 2. MARKERS FOR SENSITIVITY OF CERVICAL CANCERS TO 
THERAPIES 

Dear Dr. Achary: 

This is to inform you that the Committee on Clinical Investigations (CCI) has reviewed 
and recertified the above referenced human research project for the period from November 17, 
2001 to November 16, 2002. The study was included in the CCI agenda for the meeting of 
November 14, 2001. 

Should you have any questions regarding the above, please contact Ms. Patricia 
Hopkins at (718) 430-2237. 

'£•" Sincerely; 

Chester M. Edelmann, Jr., M.D. 
Chairman 
Committee on Clinical Investigations 

reappex.frm/gm 
8//00 



Animal Institute Committee 
Albert Einstein College of Medicine 

1300 Morris Park Avenue 
Bronx, New York 10472 

06/13/2001 

Dr. Mohan Achary 
Radiation Oncology 

Project Title:    An In Vivo Model to Study Metastasis in Breast Cancer 

Animal Institute Committee Protocol # 000611 

Dear Dr. Achary: 

The animal use protocol for the above project was reviewed and approved by the Animal Institute Committee of 
Albert Einstein College of Medicine, our institution's animal care and use committee, on 07/19/2000. Any 
significant changes in personnel, the procedures performed on animals, additional numbers of animals, or use of 
other species must be reviewed and approved by the committee. 
Animal Institute Committee approval is for a period of three (3) years from the approval date. Protocols involving 
USDA species must be reviewed and reapproved annually. For other protocols, approval is extended on an annual 
basis for up to three (3) years following administrative review of a brief update form. Please refer to the above AIC 
project number when modifying or renewing this protocol and when ordering animals. 

Lawrence H. Herbst, DVM, PhD 
Animal Welfare Officer 
Albert Einstein College of Medicine 
Telephone (718) 430-8553 FAX (718) 430-8556 
E-mail: herbst@aecom.yu.edu 

c r 
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genetic test results. The Family Rsk Assessment P9'"' Sequelae °' Mn«; 

women about their perceptions of genetfc "s,'™"'P:°9ram s™eV* Jewish 
associated with potential gene carrier s Is ^v^'^ psvch°'°9'Ca' factors 
Depression Inventory (BDI) the Revl^ Ä!f

BSLw?n?n comPle'«< the Beck 
R.sk and Worries at baseline. posTcouSnc 1^" ??*(RIES) and Ca"cer 
sure. The sample was stratified |S^J and 4 m°nths post disclo- 
cancer (A) and those with out a fam°y htRt c?**?'* a familv "«tory of 
me normative population means for toe BDI ar£ *m\ T!' °"r Mmple scored a' 
drfferences between the two groups tor mi BM^fÄ were no significant 
show that those in group A have a hiohe lev!l of In 3' ,R'^ SCOres at ba«'ine 
cancer than those in group B However ht ri       X'e,y rela,ed l0 ,r*" "sk of 
groups of women have lowmean Scores Worn0"'"5 •»«■<««*«« bom 
chances of developing breast/ovar^n cancer on^-^ ^ 3Sked te fa,e ,heir 

group A rated themselves significant^iahe,S)V^.^°,6'100H-Women in 

P = .0016). There was sianifican? iZ. 9     '     ° r,sk) ,han 9roup B (40% risk- 
baseline to four months (pi"' o"" SS^Z^,^ *k Perception from 
those wiIh    ,amily nis,i

p (rt ^^^^M-A'onewouldexpra. 

These results also suggest mat the Jews? worn     «!!" a"d °varian cancer- 
well adjusted and cope well with test results 9 9enetic lestina are 

Poulin. N.. Grubbs. C. Liebei (TK'I» r- "I"-' Weiss- H- Mohler. j.. 
terra a, Birmingham "»SR, V^f:*™1'- w- ^ers/fy of A£ 
Bethesda. MD 20892 5294 ana Na"onal Cancer Institute 

«ÄÄSPS d?UD,e bli"d ra"d-«d tria'l 
one month period prtor to raSrostatellP   ^ W"h prOS,a,e «"«er in a 
completed me study. Bk^^2S^-C,m-.ouLT,*,y »«•"«» 
compared for effects on surrooate «LSSJ h        5'a9noss and surgery were 
patients indicate significantSÄS^1- ReSU"S '""" 2S 

•mens of uninvolved prosUtic tissue S.^ °' ^EBs ln Pretreatment spec- 
prostate cancer. Tto^X^^^E*^ ne°Plasia <"'"> ™d 

PIN (p-0.002): while the meanTerbBl 9 V^       0-58 m ""Solved vs. 1.04 in 
(P-0.0007. uninvolved^^ost^e c!nC Prt AS'0n ^ 1"35 in Dros,ate «ncer 
omarker expression betwIJSSlSE* »wT" f "em °f increased bi- 
observed for EGF-receptor (meant^ii  i «7 1 5?f*" ^,issues w« 
prostate cancer, respectively) and erbB-3 fm«n     n L°/ m,nvolved. «N and 
volved. PIN and prostate cance^respectteMflLl"1, 1-59, ™° ,or unin- 
ences observed in 4-HPR « placeSfen ,'^ ? T* "° «"BnHicint differ- 
sion of SEBs was observed tovSmZX^!?*""* ,rKre*s*> e^pre- 
biopsy. A chemoprevention ^^^»££££ **** 

25«?: Pc°eS Aft «*» a"d H6/E7 expression as 
Beniaa M.. Gregoire L. JrtwETb   j£^T"B!f

tasr J'M- Underwood D. 
MichaelC.GorenfloD.W  EstervJ T°^K- Normolle D- Reed BD 
D.E Un/Vers/ry o/McS&Ä0.;^ A.R.. and BrenneV 

wrth biopsy proven CIN II vC^tSZZZ*?^ Methods: W «»men 
all-trans-retinoic acid or a placed aaemano^, "?, °ne 0f ,hree dose3 of 
four days. Measurements were SÄ t?,Cally with cervical cap for 
this report is on the measurer^ nLTe 1% ' ^y 5< and week 12- The focus o 
with PCR. HPV copy numbly t^S^Xt ** HPV Was meas"'ed 
from cervical smears preserved to Z - e PCR and E6/E7 by rt-PCR all 

gen. HPVdetectÄhodstZs SS°?2?!I ^ia- Resu,ts: »Ä 
Caucasian women did no^^vÄ,1^!?; 31^3/35' 45/52 38%9

0f the 
-cans For these women, the «örofcS^ST'? ,0 4% cf A,rican Amer- 
remairung samp^ HPV copy numoer and Ffi^ °',be meas«^d- Among the 
no discernible pattern of moduS ,f5 E?/E7 could be measured. There was 
^worr^w,m^Msul

mfb^ 

Assuming that no öetectableHwTpeTSV?rtedsamP'e- Conclusion: 
expression ot E6^7. then theseIOTÄS. hl T °°Py "Umber and •» 
dysplasa. Less stringent methods tor HPUH. ?markers ,0 Pursue in cervical 
pleted. memods ,or HPV detection are currently being com 
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amSii DGGE and characterized by sequencing (Clin Cancer Res. 
fTjüflJ. Tor "p*iT immunohistochemical staining (DO-7 monoclonal anti- 
SSSoKtes considered positive if observed in 25% or more of the tumor 
|S§r*we«»' counted as HER2 overexpressing when a strong staining of 

Ätoembrarie (c-erbB-2 antibody, DAKO) was observed in more than 10% 
iämqreefls (*3+? in the HercepTest guidelines). All patients were treated 
Sjio'to the Danish Breast Cancer Cooperative Groups guidelines for the 
j|gprotocols.flesu/fs,-The study included 428 patients, 205 node-negative 
Mg)d^)pä6veL-TPp3 mutation was found in 25%, p53 expression in 48% 
—ioverexpression in 18%. Except for null mutations, most tumors with 

jnuatons had p53 expression. However, p53 expression was also ob- 
(fiK42»& of TP53 wild-type tumors. 7P53 mutation, HER2 overexpression 
t'i u**er degree p53 expression, was associated with parameters related 
„^resjweness (positive lymph nodes, negative receptor status hiqh 
liy* anaplasia etc). Univariate analysis showed that disease-specific sur- 
^«S correlated to tumor size, nodal status, degree of anaplasia estroqen 

inw" IL**""" •TPM mutation, P53 expression, and HER2 overexpression 
ite* analyzed according to nodal status, 7P53 mutation and HER2 overexpres' 
joni but notp53 expression, significantly correlated with poor survival probability 
ftjttitot. ttie subgroups. A Cox proportional hazard analysis includinq all 428 
•affcto demonstrated that positive nodal status (1-3 positive nodes- relative risk 
SJt.6,95% CI.-.1:0-2.7, and >3 positive nodes: RR 4.2,2.7-6.3), 7TO muteten 
lWiiO,i:1-4-3.0), and HER2 overexpression (RR 2.6, 1.8-3.8 were the on°v 
parameters which had independent poor influence on reduced disease-sDecific 
!Uryh*l..7P53_and HER2 retained their independent poor influence on survival 
ttfen analyzed according to nodal status. Same patterns were observed for 

-rrgH* WtytajL Conclusion: TP53 mutation and HER2 overexpression are strong 
markers for the prediction of disease-specific and overall survival in earlv breast 

;: cancer, irrespective of nodal status. p53 expression is only a weak marker and its 
tlflttficance is lost when TP53 mutational analysis is included ' 

'■'■"is^j-j-iok-"-   .-■■■■ 

«ILoS™!?'.0" °f established and novel molecular biology markers 
(E&NMBM) with long-term outcome / disease biology of staaeWii h»»S 
Cjjncer(BrCA) patients (pts). Multicentre collaboration? theBritish Co um 
Ml Breast Cancer Tissue Array Project (BCBCTAP). Joseph Ragi To sten 
Nielsen, Marc üppman, Mat Van de Rijn, Forrest Hsu Stenhpn rwL' a     , 
Brodle. George Sledge, Jr., Adrian Harris, sHaVlädKÄ Havet 

SateSsVcÄ"!"1'' D°U^aS R0SS' Charies ^SS «no Blake Gilks. BC Cancer Agency, Vancouver, BC, Canada, University of British 

s ^lS,v^o7ä%ATcaunZTofTi9an' ^ÄSÄ S™' ^BC Cancer Agency, Vancouver, Canada, Universitv of 

»ZwoJoTuK MD- Miana "*"* lndian°>°«*- * Ä* 

aw hin th ■     r      east cancer have been Prospective^ followed Of those 

OS of EWES+ve!! FM PQ,h s,9nif'cantlv w°™ outcome were identified (10 y   / 

^^ ana^ for egression of E&NMBM as defended by «ssue 

Node(-) 
Node (+) 
Stage III 
Inflammatory 

81.5% 
58.5% 
40.1% 
13.8% 

fxnÜL-Exp.re?s,0n of BP1- a homeobox gene, strongly correlates with ER 
son G™nnreaSt Can.Cer- Patricia E- Bera. AmokJ Schwab Ho,fy Steven 
GTOVÄI- Dave"P°rt- Jan M- Orenstein, Peter Guiterrez, and Sidong Fu 

moreMD      • *"**"*■ ^ "" "^^^WJÄ 

a hüm^K6 C'0nId a P0tential new human oncogene termed BP1 which contains 
a homeobox and ,s a member of the Distal-less (DDQ family of hoSSS 
BP1 expression was examined in tissues from 29 newly diagnose^breast canc^ 

receo orfPmnllw9 9rade-eStr09en receptor (ER) negative, progesterone 
receptor (PR) negatwe cancers, but in only 40% of ER positive, PR positive breast 
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nSre^S low 'eve, in only one of six 

therapeutically to trea breascance,1*^™°'° aC'd (ATRA)' a re,inoid us*d 

oncogenic potential of BP1 we Drevou^ ch«,.t2 % fnSA1' SuPP°rt'ng the 
pressed in 63% of adult acute rnvSt^80. ^ BP1 mRNA is overex- 
barely detectable nno^ Patie^, although it is 

increasedsun,ivalofK562,eukemfecer:hifeXcin\XPBTl«n0f BP1 ^ t0 

apoptosis. Therefore, BP1 aoDears tohe nf J^    9        exPression caused 

suggesting a genera,'mechanism by ^m^C^**** P3thWay' 
Our analysis of breast tumors suggestshat BP1 ™ f I 3S a" onco9ene. 
cancer for poor prognosfe turnora anrf thft •? y be a new rnarker in breast 
therapy. « V-Ä^£Ä"A^ «*«* target for 

22 ÄÄÄn^:«1 rsso- 
Liu, Aysegul A. Sahin, Amanda McWatters Robert Ä" Z' ^U°' ^lnson9 
77,e University of Texas M D Anderson ^Center Itst w ^ YU' 

normal breast epithe al cellTbut tht t H supDresfor 9ene that is expressed in 
cancers. In orJeMo KweSto^^relatÄ'TloS? In a majority of breas* 
gression of breast ^^^„^1^^"^^^ t0 the pro" 
paraffin-embedded DCIS soedmeTfrom SI nXpref?!on ln 50 f°rmalin-fixed and 
Anderson Cancer Center C br^Tln (^P?aSt Cancer Tissue Bank at M- D. 
and invasive br^^nolÄÄTS,!!llW!a8 f°Uo in 43 SpeCimens 

chemistry and in situ hybridiTation w^re^d liSSZÜäStZST*^ 
to immunoh stochemical a«aus ticc,,= o„„v      evaluate ARHI expression. Prior 
enhance a^QenexXs^m^Zu^°nS T* S,eam heated for 3 "*> to 
ARHI antibody? ARHI was delved wÄ" "f ? mUrine mono='°na' anti- 
Antibodies against Leukocvte Common^n

b
f!
otln-strePtav'din peroxidase display. 

For in situ hybridizafep anARWmRNA S "^ If6d aS a ne9ative contr°'- 
the ARHI gene. An ÄÄaSS^r^Sf.ST^ WaS emp'°yed ,0 detect 

the housekeeping gene GAPDH X art^l     t™ 3 ne9a,ive Contro1 and 

control. ARHI mRNA and protein wert fdSed *%Z* "T ** * P°Sitive 

ARHI expression was concentratoH Tn ^! } norrnal breast epithelia. 
cleus^ Compared *££^g£$2* «Sf 222? '" "" "" 
was down-regulated in 35% (15/43) of DCIS anc165% S^'" exPress'on 
nomas. When DCIS and inva<si«o ra„^L (13/20) of invasive care - 
was further down-regulaZnnlv^lZ     ^Tin ,he same samP|e. ARHI 

Joan G. Jones, P^f^^^^Z^^i "^T Breinin9' 
Mohanrao P. Achary. Albert BnsteinCo^^u w9 ' Bhadrasain v"<ram, and 
Center, Bronx, NY. and AlbenTSns^CoLj !SZ a"dMo"tsfi™ Medical 
Medical Center Co"e9e of werf/c;ne and Montefiore 

13% of mammary caroh0TO^Berte^7^S^l^,8 f°r detec,in9 those 

to developing tn3Lrta8ta^Ä^T2^* "FV" are prone 

and/or chemotherapy. This would also bonow th 9 ^COmb,ned with radiation 

could be treated rno^e con^^ 
financial costs of the radical tre^mon Vhff 9. m the Pnysical. mental and 
to find n»^^^S^SL^^m fa' °f this Stud^is not on|y 
Such knowledgecoSld guMethlfdeve^™^.metastasis ass°^ated genes 
ing hypothesis is that ÄbÄ*E«^ ?he WOrk" 

from archival normal tissue*oTnri™ Jy^»,T d *° comPare *e DNA of cells 
ing metastatic 5^CÄ?JTr ***corresP°nd- 
ered by laser capture rnlcrod^ffaSd^^SÄ^r8 T0^ 
cells were used for RDA anri tor <5«,*h,~ ui i- samP|es extracted from those 
metastasis Jo^^^^%^V^ ™ methods to screen 

recovered that were ap^aren^^m^^^n°and!ltato MAGS were 

when used to screen nSm^^X^^^ZA,^ MAGS"IX 

breast carcinomas, was found to be lost in mlttw- ,^A,.fr0m 3 add|ti°nal 
samples. Thus in 3 out of leases incudinr, ho C6 DNA 0f •" of these 

MAGS-IX was apparently^ost from tÄSS . '9'nal Case used for RDA) 
astatic. This mates ^^^^^SX'^ ** l™™ met" 
pressorgene. RH mapping localizec^f-K to^2^^,T?8taSlS SUP" 

mosome10,AC02254lS^o^^^^ 
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'that this is a novel MAGS. Additional archival cases are being screened to 
determine if MAGS IX is a reliable marker for identifying breast cancers that are 
prone to becoming metastatic. 

#221 She adaptor proteins in breast cancer prognosis: Novel molecular 
markers that predict aggressive Stage 1 tumors. Pamela A. Davol, Robert 
Bagdasaryan, and A. Raymond Frackelton, Jr. Roger Williams Medical Center, 
Providence, Rl. 

In a 12-year, retrospective study of clinical outcome (with at least a 5 year 
follow-up) of breast cancer patients in the Roger Williams Cancer Center data- 
base and tumor registry, a 10% mortality associated with disease recurrence was 
observed in patients diagnosed with Stage 1 breast cancer (n = 212 patients). 
Accordingly, there is an evident need for molecular markers that may differentiate 
aggressive, early-stage breast cancers from less invasive lesions and thus guide 
surgical and adjuvant treatment options. Immunohistochemical staining of phos- 
phorylated She (PY-Shc: an activated, adaptor protein that facilitates tyrosine 
kinase signaling and tumorigenesis) and p66-Shc (a She isoform that inhibits this 
signaling cascade) in 98 archival, formalin-fixed, diagnostic breast tumor biopsies 
(Stage 0 to Stage 4 patients) demonstrated a positive linear correlation between 
the ratio of PY-Shc to p66-Shc staining intensity in regard to patient stage (r = 
0.4; p < 0.0001); with high PY-Shc/low p66-Shc corresponding to advanced 
disease stage at the time of diagnosis. When the PY-Shc to p66-Shc ratio was 
analyzed in primary tumors from Stage 1 breast cancer patients and then retro- 
spectively compared to patient outcome (>/= 5 yr follow-up), the ratio for 
randomly selected tumors from patients with no disease recurrence (0.66 +/- 
0.03; n = 30) was significantly lower compared to patients with disease recur- 
rence (0.90 +/- 0.07; n = 8) (p < 0.005). These studies suggest that the PY-Shc 
to p66-Shc ratio may serve as a viable prognostic marker for identifying aggres- 
sive, early stage breast cancers. (Supported by Department of Defense Breast 
Cancer Grants: BC980415 and DAMD17-99-1 -9363) 

#222 Quantitative gene expression of human anterior gradient (hAG-2R) 
in human breast tumor tissue and its potential as a prognostic indicator in 
breast cancer. Monica Madden Reinholz, Stephen J. Iturria, Patrick C. Roche, 
and Judith S. Kaur. Mayo Clinic, Rochester, MN. 

The molecular basis for the observed differences between estrogen receptor- 
positive(ER+) and ER-negative (ER-) breast tumors remains unclear. The human 
homologue of the Xenopus laevis cement gland gene Xenopus Anterior Gradi- 
ents (XAG-2), hAG-2R, was previously found to be co-expressed with ER in 
breast cancer cell lines. Because ER is probably only one of a set of expressed 
genes that are responsible for the phenotype of hormone-responsive breast 
cancer, we examined the gene expression pattern of hAG-2R in different stage 
breast tumor tissues. In the present study, we used reverse transcription (RT) and 
fluorescence-based kinetic PCR (Taqman) to determine the mRNA levels of 
hAG-2R in normal breast tissues, ductal carcinoma in situ (DCIS) tissues, primary 
breast tumors, and distant breast metastatic tissues. We observed that the 
average hAG-2R gene expression significantly increased over seven-fold (p < 
0.0005) in five DCIS tissues and over nine-fold (p < 0.0006) in 24 primary breast 
tumor tissues compared to the average hAG-2R gene expression from 18 normal 
breast tissues. Eighty percent of the five immunohistochemically detected ER+ 
DCIS samples overexpressed hAG-2R (overexpression defined as > 2 standard 
deviations above the mean expression of normal breast tissue). Seventy-four 
percent of the 19 ER+ primary tumors overexpressed hAG-2R, and only one of 
the five ER-tumors overexpressed hAG-2R. The average hAG-2R gene expres- 
sion decreased over 17-fold (p < 0.004) in three breast liver metastasis compared 
to normal breast tissue. In addition, hAG-2R gene expression increased over 
45-fold in breast cancer metastatic to bone and was not changed in breast cancer 
metastatic to ovary compared to normal breast tissue. In a separate panel of 35 
node negative breast tumor tissues, 90% of 20 good outcome (indicated by no 
disease recurrence at five years) tumors overexpressed hAG-2R and 40% of 15 
bad outcome (indicated by disease recurrence at less than three years) tumors 
overexpressed hAG-2R. The average hAG-2R gene expression was four-fold 
higher in the good outcome tumors compared to the bad outcome tumors. These 
results demonstrated significant differential gene expression of hAG-2R in differ- 
ent stage breast cancer tissues and the co-expression of hAG-2R and ER in DCIS 
and primary breast tumor tissues. These results suggest that in addition to ER, 
hAG-2R may be another gene responsible for the phenotype of hormone-respon- 
sive breast cancer. Lastly, hAG-2R gene expression may prove to be a useful 
prognostic indicator for breast cancer. This work was supported by the DOD 
grant DAMD-17-00-1-0633, the Mayo Foundation, and the Breast Cancer Re- 
search Foundation. 

#223 Nipple fluid basic fibroblast growth factor in breast patients. Zhi- 
Ming Shao, Zhen-Zhou Shen, Liping Zhang, Maryam Sartippour, Canhui Liu, 

'• .He-Jing Wang, Robert Elashoff, Helena Chang, and Mai Nguyen. University of 
California, Los Angeles, Los Angeles, CA, and Fudan University, Shanghai, China. 

Purpose: It has been shown that early detection of breast cancer saves lives. 
Recently, there has been increasing interest in nipple fluid as a potential avenue 
for breast cancer diagnosis. Experimental Design: In this study, we measured the 
levels of an angiogenic factor bFGF (basic fibroblast growth factor) in the nipple 
fluid of healthy subjects as well as patients with benign breast conditions, those 
at high risk for breast cancer, and patients with ongoing breast cancer. Results: 

We found that high risk breasts (562 ± 755 pg/ml, p = 0.009) and cancerous 
breasts (870 ± 1,848 pg/ml, p = 0.001) produced higher levels of bFGF in nipple 
fluid in comparison to benign breasts (134 ± 401 pg/ml). With a cutoff level of 150 
pg/ml of bFGF, sensitivity was calculated to be 75%, specificity 84%, and the 
correct diagnostic rate 82%. Conclusions: We conclude that nipple fluid bFGF 
may be useful in the diagnosis of breast cancer, and deserves further studies. 

#224 High-level amplification of C-MYC is associated with progression 
from the in situ to the invasive stage of breast carcinomas. Els C. Robanus- 
Maandag, Cathy A. J. Bosch, Petra M. Kristel, Augustinus A. M. Hart, Ian F. 
Faneyte, Petra M. Nederlof, Johannes L. Peterse, and Marc J. van de Vijver. The 
Netherlands Cancer Institute, Amsterdam, Netherlands. 

Carcinoma in situ of the breast is believed to be a genetically advanced 
precursor lesion for invasive carcinoma, since in situ lesions already demonstrate 
genomic changes found in invasive lesions. However, no specific genetic alter- 
ations have been identified so far that are associated with progression from the in 
situ to the invasive stage. As most invasive carcinomas also contain an in situ 
component, we compared the genetic alterations in the in situ and invasive 
component of the same tumor. Of 12 invasive breast carcinomas, we microdis- 
sected the invasive and adjacent in situ component, isolated DNA and performed 
comparative genomic hybridization. In some tumors, we observed a few distinct 
differences between otherwise identical genome profiles of both components 
suggesting that the number of genetic alterations involved in breast tumor pro- 
gression is limited. Further analysis of such a difference in one tumor by fluores- 
cence in situ hybridization (FISH) revealed high-level amplification of C-MYC in 
the invasive component only. To investigate the frequency of this correlation, we 
identified from a panel of 188 invasive carcinomas 18 cases with C-MYC ampli- 
fication 9 of which with an adjacent in situ component. Using FISH, more than 5 
C-MYC signals per nucleus were found in 7 and C-MYC/CEP8 ratios >4 were 
found in 5 of 9 invasive components but not in any associated in situ component. 
With probes of 3 BAC clones derived from chromosome 8q the minimal amplified 
region in this set of C-MVC-amplified tumors was defined at 8q24.1-8qter. 
C-MYC amplification was correlated with overexpression of C-MYC and two of its 
target genes, TERT and FBL. Thus, high-level C-MYC amplification is the first 
identified genetic alteration that is strongly associated with progression from the 
in situ to the invasive stage of breast carcinomas. 

#225 Hsp27, angiogenesis and cadherins in human breast cancer biopsy 
samples. Mariel A. Fanelli, F. Dario Cuello Carrion, Francisco E. Gago, OlgaTello, 
and Daniel R. Ciocca. Institute of Experimental Medicine and Biology of Cuyo 
(IMBECU), Mendoza, Argentina, and School of Medicine, National University of 
Cuyo (UNC), Mendoza, Argentina. . 

Breast cancer is a heterogeneous disease and the correct identification of the 
patients who will have a poor prognosis is of clinical value to provide the best 
treatment options and to plan the follow-up. There are several pathological and 
molecular prognostic factors and it is clear that the combination of several of 
them will be necessary to discover the patients with poor prognosis, e.g. those 
developing distant metastases. In the present study we have evaluated the - 
prognostic significance of hsp27 in the blood vessels of breast cancer patients 
correlating its expression with that of: a) coagulating factor VIII (FVIll, used to 
measure angiogenesis), and b) cadherins (E-cadherin and P-cadhenn) and beta 
Catenin. Cadherins are important molecules involved in cell-cell adhesion, some 
of them have been related with the prognosis of breast cancer. The study involved 
113 patients, 76 with a median follow-up of 5 years. The breast cancer biopsy 
samples were processed for immunohistochemistry. Hsp27 could be detected in. 
the endothelium of small blood vessels as well as in the tumor cells, the number 
of hsp27-positive vessels was higher in the tumor areas with infiltrating lympho-; 
cytes. There was no correlation between the presence of hsp27-positive blood 
vessels and the amount of blood vessels positive for FVIll, FVIll was a better 
marker for angiogenesis. The expression of hsp27 in the blood vessels did not 
correlate with the development of distant metastasis, however, angiogenesis 
(FVIll) correlated with poor prognosis (p<0.02). Tumors expressing P-cadhenn, 
showed more hsp27-negative blood vessels (p(0.05). The presence of P-cadhenn 
(but not E-cadherin) in the membrane of tumor cells was associated with poor 
prognosis (p<0.02). In tumor cells, hsp27 did not correlate with P-cadhenn ex-; 
pression. Beta catenin content did not correlate with P-cadherin expression wrth 
disease prognosis. In summary, poor prognosis was seen in patients with P< 
cadherin expression and with elevated angiogenesis. ■'■$ 

■| 

#226 Lipophilin B, lipophilin C, and ECM1, a new member of the uterof; 
globin family, are overexpressed in endometrial and breast cancer. Susana, 
Salceda, Anton Nguyen, Carey Drumright, Andrei Munteanu, Melinda Au, Chans, 
Lawrenson, Nam W. Kim, and Roberto A. Macina. diaDexus, Inc., South San 
Francisco, CA. ■ *f 

The members of the uteroglobin family are small, secretory proteins, wnos| 
physiological functions remain unclear. Using cDNA databases mining, we have 
identified a new member of the human uteroglobin family, which we have desig, 
nated ECM1 (Endometrial Cancer Marker 1). Alignment with data from the Human 
Genome Project, showed that ECM1 is located on chromosome 11 as has been 
described for other members of this family. ECM1 protein has 90 ammo acids, 
with a predicted signal peptide in its amino terminal. It shares 61 % similanty witn 
lipophilin B, 34% with mammaglobin, and 31% with lipophilin C. Analysis 0' 
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Cell lines from the same cervical carcinoma 
but with different radiosensitivities exhibit 
different cDNA microarray patterns of gene 
expression 
M.P. Achary,3 W. Jaggernauth,3 E. Gross,3 A. Alfieri,b H.P. Klinger0 and 
B. Vikram3 

"Department of Radiation Oncology, Albert Einstein College of Medicine of Yeshiva University, and Montefiore Medical 
Center, Bronx; b Department of Radiation Oncology, Beth Israel Medical Center, New York; 
'Department of Molecular Genetics, Albert Einstein College of Medicine of Yeshiva University, Bronx, NY (USA) 

Dedicated to Professor Dr. Ulrich Wolf on the occasion of his retirement. 

Abstract. Combining chemotherapy with radiotherapy has 
improved the cure rate among patients with cancers of the cer- 
vix. Although one-half to two-thirds of the patients can be 
cured by radiation alone, such patients cannot be identified at 
present and must therefore suffer the burden of chemotherapy. 
Our long-range goal is to identify those cervical cancers that are 
radiosensitive and could be cured by radiotherapy alone. The 
advent of methods that permit the simultaneous analysis of 
expression patterns of thousands of genes, make it feasible to 
attempt to identify the molecular events related to radiosensi- 
tivity and the associated regulatory pathways. We hypothesize 
that the sensitivity of tumor cells to ionizing radiation (IR) is 
determined by the level of expression of specific genes that may 
be identified with the aid of cDNA microarrays. As the first 
step in testing this hypothesis, we determined the gene expres- 
sion differences between two cell lines exhibiting different 
degrees of radiosensitivity. These were derived from the same 
tumor prior to treatment from a patient with squamous cell 
carcinoma of the cervix. The mRNA from these cells was sub- 
jected to cDNA analysis on a microarray of 5,776 known genes 

and ESTs. The expression of 52 genes of the total of 5,776 was 
elevated (maximum 4.1 fold) in the radioresistant cells as com- 
pared to the radiosensitive cells. Ten of the 52 sequences are 
known genes while 42 are ESTs. Conversely, the expression of 
18 genes was elevated in the sensitive cells as compared to the 
resistant cells. Seven of these 18 are known genes while eleven 
are ESTs. Among the genes expressed differentially between the 
resistant and sensitive cells were several known to be associated 
with response to IR and many more genes and ESTs that had 
not previously been reported to be related to radiosensitivity. 
The genes that showed the greatest overexpression in the 
radioresistant cell line were metal-regulatory transcription fac- 
tor- 1, cytochrome P450 CYP1B1, adenomatosis polyposis coli, 
translation elongation factor-1, cytochrome-c oxidase, whereas 
in the sensitive cell line, transcription factor NF-kappa-B, 
metalloproteinase inhibitor-1 precursor, Superoxide dismutase- 
2, insulin-like growth factor binding protein-3, guanine nucleo- 
tide-binding protein and transforming growth factor beta- 
induced protein were overexpressed. 
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apy. The advent of microarray gene expression technology per- 
mits the simultaneous analysis of the levels of expression of 
thousands of genes. Thus, the study of molecular genetic events 
that are related to radiosensitivity can be examined. This may 
also lead to identifying genes and gene regulatory pathways relat- 
ed to the resistance of cells to therapeutic procedure. One of our 
long-range goals is to use this technology to identify those can- 
cers that are radiosensitive and can thus be cured by radiothera- 
py alone. Another goal is to identify those cancers that are not 
controlled by the combined therapy and thus hopefully identify 
molecular targets for the development of therapeutic strategies. 

We hypothesize that the sensitivity of tumor cells to ioniz- 
ing radiation (IR) is dependent on alterations in the expression 
of specific genes. As the first step in testing this hypothesis, we 
determined the differences in the gene expression profiles of 
two cervical cancer cell lines derived from the same tumor but 
exhibiting very different degrees of radiosensitivity. We pre- 
sent the results in this report. 

Materials and methods 

Cell culture 
Several cervical cancer cell lines that were derived prior to treatment by 

punch biopsies from patients with cervical cancers were kindly provided to 
us by Dr. Richard A. Britten of Cross Cancer Institute, Edmonton, Canada. 
These were in the fourth to fifth passage. For this report we used one pair of 
cell lines derived from the same tumor (HT137). These cell lines were cul- 
tured in the same way as described by Allalunis-Tumer et al. (1991) and 
Britten et al. (1996). Dulbecco's modified Eagle's medium supplemented 
with 15 % fetal calf serum and antibiotics was used. The cells were subcul- 
rured every 4-5 days to ensure exponential growth. 

Clonogenic cell survival 
Following the procedures of Britten et aL (1996) clonogenic survival tests 

were performed. Briefly, cells were plated in 100-mm petri dishes at known 
densities and after 4-6 hr the cells were exposed to 2 Gy of radiation using a 
linear accelerator (Clinac 6-100, Varian oncology systems, Palo Alto CA). 
After 2 weeks the surviving colonies were stained with crystal violet solution 
and stained colonies containing more than 50 cells were counted. The surviv- 
ing fraction (SF) after exposure to 2 Gy for the HT137R cells was thereby 
determined to be 0.67, and 0.35 for the HTI37S cells. 

Microarray sample preparation 
The cDNA microarray chips and the image scanning programs were 

developed in the Genome Microarray Facility of the Albert Einstein College 
of Medicine. The human cDNA microarray chips used in this study each 
contain 5,776 cDNA sequences representing arbitrarily selected known 
genes, housekeeping genes and ESTs. The cDNA sample from the radiation 
sensitive cell line HT137S was labeled with the fluorescent dye, Cy5 (red) 
and that of the resistant cell line HT137R was labeled with Cy3 (green). A 
customized ScanAryse program (Eisen et aL, 1998) was used for post-acquisi- 
tion processing and for database mining functions. The fluorescent signals 
representing hybridization to each arrayed sequence were analyzed to deter- 
mine the relative amount of mRNA that hybridized with each sequence in 
both samples. Full details of the procedure are given on our website: http:/ 
/sequence.aecom.yu.edu/bioinf/funcgenomic.html. 

Synthesv! of labeled cDNA probe 
One hundred micrograms of total RNA each were isolated from the 

HT137S and HT137R cell pellets using the Qiagen RNeasy extraction kit. 
The RNA samples were incubated separately with Oligo dT12-18 at 65 °C 
for annealing of oligo primers. Two mixtures were prepared, one containing 
first strand buffer, DTT low dNTP mix, RNAsin and the fluorochrome Cy3 
for HT137R cells. The second mixture was the same except that Cy5 was 
used for the HT137S cells. To these mixtures reverse transcriptase (RT, BRL 

Table 1. Fifty-two genes and ESTs (out of the total 5,776) whose expres- 
sion was elevated at least two-fold in the HTI 37R (Resistant) cells compared 
with the HT137S (Sensitive) cells 

GB Accession number Description of genes/ESTs 

T72724 EST 
T809I7 EST 
R79518 EST 
H83358 EST 
N42169 EST 
N43977 EST 
W90242 EST 
AA004354 EST 
AA00492I EST 
AA004570 EST 
AA005086 EST 
AA0102S0 EST 
AA203495 Metal-regulatory transcription factor-1 
H21756 EST 
H06460 EST 
W02900 Cytochrome P450 CYPI Ul, dioxin-indurible 
N904B5 EST 
R00760 EST 
R23082 EST 
R33908 EST 
N28450 EST 
H29191 Adenomatosis polyposis coli, art. Splice-1 
T83093 EST 
R69208 EST 
H82I75 ESI 
N33S65 EST 
T99685 EST 
R3I339 EST 
R37928 EST 
H20450 EST 
H40309 EST 
N49030 EST 
N36501 Phosphodiesterase 
N28330 Glycoprotein MUC18. alt. Splice-2 
N28369 EST 
N784I4 EST 
T79703 EST 
T8539Ü EST 
T86312 EST 
T863I5 Neurotoxin, eosinophil-derived 
T87438 EST 
AA190599 Translation elongation factor-1, gamma 
H83614 EST 
AA028123 EST 
H21167 EST 
H46937 EST 
RS3166 EST 
R926S4 EST 
N31224 Glycoprotein MUC18, alt. Splice-3 
N99222 EST 
H52746 Cytochrome -c oxidase, IV subunit 
AA 146629 Catenin, alpha 2(E), ah. Splice-1 

Superscript H) was added and incubated at 42 ° C for 2 h. Then, to inactivate 
the RT, the tubes were heated at 94 °C. The volume of this mixture was 
increased to 100 pi by adding buffered RNAse 1 and incubated at 37°C to 
digest any RNA not convened to cDNA. Then the contents of both the tubes 
were mixed and passed through Microcon YM 50 retention columns. The 
probe was collected and the volume adjusted to 6.5 pi. 

Array slide preparation 
The microarrays on slides were vapor moistened and quickly exposed to 

200 mJ total energy in a UV Stratalinker. The slides were moistened again 
over boiling water and quickly dried on a hot plate. They were then treated 
with succinic anhydride solution for 15 min, rinsed in 0.1 % SDS followed by 
water, and placed in a 95 ° C water bath for 3-5 min after which they were 
dipped into ice-cold ethanol. Excess ethanol was removed from the slides by 
spinning the rack of slides at 500 rpm. 
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Fig. 1. A portion of the ScanAlyse picture from the cDNA microarray. The green spots represent genes whose expression is 
two-fold or greater in the HT137R cells than in the HT137S cells. The red spots represent genes whose expression is two-fold or 
greater in the HT137S cells. The yellow spots represent genes that arc nearly equally expressed in both types of cells. The violet 
spots are "flagged" spots, i.e. those with dust/specks or similar artifacts. These are flagged to avoid their inclusion in the analysis. 
Circular customized grids covering each of the 3,776 spots are superimposed on the ScanAlyze spots, to assure the import of the 
correct color intensity of each spot area into an Excel file for data analysis. 

Prehybridization of slide and probe 
Prehybridization solution (20 ul, containing formamide, SSPE, SDS, 

Denhardt's solution and salmon sperm DNA) was placed on the array and 
covered with a covcrglass. The slides were placed in a chamber and prchy- 
bridized at 50 ° C for one hr. Simultaneously the probe was prehybridized at 
50 • C for 1 h. For prehybridization the 6.5-jil probe was mixed with blocking 
solution (human cot-1 DNA, SDS, Dcnhardts and SSPE solution) to bring 
the volume to 20 ul. It was then heated, centrifuged and incubated as 
described above. After 1 h both the slides and the probe were ready for 
hybridization. 

Hybridization and washing the slides 
The prehybridized probe (20 ul) was dropped on the array region of each 

slide and a fresh coverslip was placed over the slide. Hybridization was per- 
formed overnight at 50 ° C. 

For washing the slides were placed in a glass slide holder containing 
lx SSC and 0.1 % SDS at room temperature, where the coverslips fell off. 
The slides were then removed and placed in another slide holder containing 
500 ml of 0.2% SSC and 0.1 % SDS for 15 min. The slides were then trans- 
ferred to another chamber, containing 0.2 x SSC for 20 min, after which they 
were ready for scanning. 

Analysis of microarray results 
The hybridization signals were scanned with a laser confocal scanner 

which generates 2-color TIF images. Scans for the two fluorescent probes 
were normalized to the fluorescence intensity of beta actin and GPDH (Hel- 

ler et al., 1997) and the ratios of the fluorescence intensities of all the spots 
was determined. Intensities for each spot in each channel were calculated 
after subtraction of the background. Background "noise" was reduced by 
using a 2-standard deviation cutoff on all expression values in order to identi- 
fy only those genes with significantly different expression (Chen ct al., 1997; 
Eisen et al., 1998; Amundson et al., 1999; Duggen et al., 1999; Lee et al., 
1999; Pollack et al., 1999). Red spots represent genes whose expression in the 
HT137S cells is at least double that of the HTI37R cells. Green spots repre- 
sent those genes whose expression was double in the HT137R cells as com- 
pared to the HT137S cells, whereas yellow spots represent genes whose 
expression was similar in both the cell lines (Fig. 1). Genes and ESTs had to 
be expressed at similar fluorescent intensity ratios in at least two microarray 
hybridizations to be included in the analysis. 

Results 

The expression of 52 genes (0.9%) out of the total 5,776 was 
elevated (2-4.1 fold) in the HT137R cells as compared to the 
HT137S cells (Table 1). Ten of these 52 are known genes, while 
42 are ESTs. Conversely, the expression of 18 genes was ele- 
vated 2-2.9 fold in the HT137S cells compared with the 
HT137R cells (Table 2). Seven of these 18 are known genes 
while 11 are ESTs. The genes that showed the greatest overex- 
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Table 2. Eighteen genes (out of the total 5,776) whose expression was 
elevated at least two-fold, in the HT137S (Sensitive) cells compared with the 
HT137R(Resistant)cells 

GB Accession number Description of genes/ESTs 

R86053 Transcription factor NF-ltappa-B 
R97630 Alcohol dehydrogenasc-t, class 1, alpha porypeptide 
N67954 EST 
R78823 EST 
AA001324 EST 
IW143 liST 
N57354 EST 
AA143155 Superoxide dismutase 2. mitochondrial, alt. Splice-] 
R75975 Monocyte chemotactic protein -1 
R25247 EST 
R38114 EST 
R80S95 EST 
N31417 Insulin-like growth factor binding protein 3 
N28758 EST 
R7B657 Guanine micleolide^rinding protein HM89 
N42864 EST 
AA002125 EST 
AA037281 Transforming growth factor beta-induced protein 

pression in the radioresistant cell line were metal-regulatory 
transcription factor-1, cytochrome P450 CYP1B1, adenomato- 
sis polyposis coli, translation elongation factor-1 and cyto- 
chrome-c oxidase, whereas in the sensitive cell line, transcrip- 
tion factor NF-kappa-B, metalloproteinase inhibitor-1 precur- 
sor, Superoxide dismutase-2, insulin-like growth factor-binding 
protein-3, guanine nucleotide-binding protein and transform- 
ing growth factor beta-induced protein were overexpressed. 

Discussion 

It is clear from the results that cell lines from the same 
tumor but with different radiosensitivities exhibit different 
patterns of gene expression. Having determined that such dif- 
ferences exist the next question to be answered is to what extent 
are these gene expression alterations related to radiosensitivity. 
We hope to be able to answer this question by examining a larg- 
er series of similar cell lines and also radiosensitive and radiore- 
sistant primary cervical carcinomas. If the same specific genes 
have altered expression in many different cases then this would 
be evidence that they are related to the cell's response to radia- 
tion. It is encouraging that among the genes expressed differen- 
tially between the resistant and sensitive cells in this study were 

several that are known to be associated with the cell's response 
to IR. These are: transcription factor NF-kappa-B, Superoxide 
dismutase-2, insulin-like growth factor-binding protein-3, 
guanine nucleotide-binding protein, and transforming growth 
factor beta-induced protein (Arnold et al., 1999; Kawai et al., 
1999; Epperly et al., 2000; Kuninaka et al., 2000; Williams et 
al., 2000). As noted there were also a number of genes and ESTs 
which have previously not been reported to be related to radio- 
sensitivity (Tables 1 and 2). Their importance in conferring the 
radioresponse phenotype to a cell will clearly require much 
more extensive studies, particularly because the phenomenon 
appears to be fairly complex involving several genes and gene 
pathways. As an example, IR-induced patterns of gene expres- 
sion may vary according to the cellular context as demonstrated 
by Amundson et al. (1999) who studied IR-induced gene 
expression in human myeloid ML-1 cells using a microarray 
consisting of 1,238 gene sequences. They found that 48 se- 
quences (including 30 not previously identified as IR-respon- 
sive) were significantly influenced by IR. Induction by IR of a 
subset of these genes was examined in a panel of 12 human cell 
lines, and it was observed that the responses varied widely in 
cells from different tissues of origin and different genetic back- 
grounds (Amundson et al., 1999). 

Like many other investigators we have regarded as signifi- 
cant only those genes whose expression was altered by at least a 
factor of two. However, we recognize that this cutoff point is 
arbitrary and that there may be important genes involved 
whose expression was altered by less than a factor of two. 
Another limitation of this study is that the microarray utiüzed 
consisted of only 5,776 arbitrarily selected known genes, house- 
keeping genes, and ESTs. This limitation can now be overcome 
since microarrays with much larger numbers of genes are now 
available. In addition, customized arrays are becoming avail- 
able with genes known to, or suspected of, participating in the 
process under study. An example of the successful application 
of the latter approach is the recent demonstration with a "lym- 
phochip" that large-cell lymphomas responding well to CHOP 
(cyclophosphamide, doxorubicin, vincristine, and prednisone) 
chemotherapy could be distinguished from those responding 
poorly (Alizadeh et al., 2000). 
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ABSTRACT 

The cytokine hepatocyte growth factor/scatter factor (HGF/SF) pro- 
tects epithelial and cancer cells against DNA-damaging agents via a 
pathway involving signaling from c-Met —* pbospbatidylinositol-3- 
Idnase —> c-Akt, However, the downstream alterations in gene expression 
resulting from this pathway have not been established. On the basis of 
cDNA microarray and semiquantitative RT-PCR assays, we found that 
MDA-MB-453 human breast cancer cells preincubated with HGF/SF and 
then exposed to Adriamycin (ADR), a DNA topoisomerase H inhibitor, 
exhibit an altered pattern of gene expression, as compared with cells 
treated with ADR only. |HGF/SF+ADR]-treated cells showed altered 
expression of genes involved in the DNA damage response, cell cycle 
regulation, signal transduction, metabolism, and development Some of 
these alterations suggest mechanisms by which HGF/SF may exert its 
protective activity, eg., up-regulation of polycystic kidney disease-1 (a 
survival-promoting component of cadherin-catenin complexes), down- 
regulation of 51C (an inositol polyphosphate-5-phosphatase), and down- 
regulation of TOPBP1 (a topoisomerase IDS binding protein). We showed 
that enforced expression of the cdc42-interacting protein CD74, a cytoskel- 
eton-associated protein for which expression was decreased in [HGF/ 
SF+ADR]-treated cells, inhibited HGF/SF-mediated protection against 
ADR. The cDNA microarray approach may open up new avenues for 
investigation of the DNA damage response and its regulation by HGF/SF. 

INTRODUCTION 

The cytokine HGF/SF3 is a pleiotrophic mediator of multiple bio- 

logical functions that plays significant roles in embryonic develop- 

ment, tissue and organ repair, tumorigenesis, and angiogenesis. 

HGF/SF has been found to protect various cell types against apoptosis 

induced by a variety of stimuli, including loss of contact with the 

substratum (1), exposure to staurosporine (a protein kinase inhibitor; 

Refs. 2,3), and DNA damage (4-7). We have reported previously that 

various epithelial and carcinoma cell lines are protected by HGF/SF 

against apoptotic cell deaths induced by DNA-damaging agents, in- 

cluding ionizing radiation, ultraviolet (UV-C) radiation, and ADR 

(also known as doxorubicin; Ref. 5). ADR is a DNA intercalated and 

a DNA topoisomerase Hot inhibitor that induces single- and double- 

strand DNA breaks similar to those induced by ionizing radiation. 

Interestingly, preincubation with HGF/SF also reduced the number 

of residual DNA strand breaks at 24 h after exposure to ADR or 

ionizing radiation, suggesting that HGF/SF may also enhance the rate 

of DNA repair (i.e., strand rejoining; Ref. 6). The increased DNA 
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repair and the cell protection against DNA damage appeared to be 

attributable to at least in part, to: (a) activation of a cell survival 

pathway involving PI3K and c-Akt (protein kinase B); and (b) sub- 

sequent stabilization of the protein levels of the antiapoptotic mito- 

chondrial pore-forming protein Bcl-XL (5, 6). 

These studies have not revealed the downstream effector genes that 

mediate cytoprotection by HGF/SF. Cytoprotection by HGF/SF might 

involve nonnuclear events, such as inactivation of proapoptotic effec- 

tors (e.g., Bad and caspase-9) by c-Akt-mediated protein phosphoryl- 

ation events (8, 9). However, it might also involve prolonged patterns 

of altered gene expression induced by HGF/SF in the DNA-damaged 

cells. The latter possibility was suggested by the observation that 

maximal protection required a preincubation of cells with HGF/SF for 

at least 48 h before exposure to ADR (5). Shorter preincubation 

periods yielded less protection, and application of HGF/SF only at the 

time of ADR treatment and during the 72-h postincubation period 

gave no protection. 

To investigate the potential alterations of gene expression that 

might contribute to HGF/SF-mediated cell protection, we have used a 

cDNA microassay approach, using a previously studied model for 

HGF/SF protection (5). MDA-MB-453 human breast cancer cells 

were preincubated with HGF/SF, exposed to ADR, and then postin- 

cubated in ADR-free culture medium for 72 h to allow the repair 

processes to proceed. Alterations of mRNA expression were exam- 

ined in cells treated with [HGF/SF+ADR], in comparison with cells 

treated with ADR alone. 

MATERIALS AND METHODS 

Sources of Reagents and Vectors and Sources of Reagents and 
Antibodies. Recombinant human two-chain HGF/SF was generously pro- 
vided by Dr. Ralph Schwall (Department of Endocrine Research, Genentech, 
Inc., South San Francisco, CA). ADR (doxorubicin hydrochloride) and MTT 
dye (thioazyl blue) were purchased from Sigma Chemical Co. (St. Louis, MO). 
Expression vectors encoding full-length and truncated or deleted forms of 
human CIP4 have been described earlier (10). These CFP4 cDNAs were cloned 
into the pRK5-myc mammalian expression vector, which provides an NH2- 
terminal myc epitope tag. 

Cell Lines and Culture. MDA-MB-453 human breast cancer cells were 
obtained from the American Type Culture Collection (Rockville, MD). Cells 
were cultured in DMEM supplemented with FCS (5% v/v), nonessential ammo 
acids (100 IHM), L-glutamine (S mM), streptomycin (100 fig/ml), and penicillin 
(100 units/ml; all from BioWhittaker, Walkersville, MD). Cells were grown at 
37°C in a humidified atmosphere of 95% air and 5% C02. 

ADR Treatment Subconfluent proliferating cells in 100-mm plastic 
dishes or 96-well plates were preincubated in the absence or presence of 
UGF/SF (100 ng/ml X 48 h) in serum-free DMEM and then sham-treated 
(control) or treated with ADR (10 /iM X 2 h, at 37°C) in complete culture 
medium (DMEM plus 5% FCS). Cultures were then washed three times to 
remove the ADR and postincubated in fresh drug-free complete culture me- 
dium at 37°C for 72 h (again in the absence or presence of HGF/SF, respec- 
tively). Cultures were then harvested for isolation of total cell RNA and cDNA 
microarray or semiquantitative RT-PCR analyses. 

Transient Transfections. Subconfluent proliferating cells were transfected 
overnight using Lipofectamine (Life Technologies, Inc., Rockville, MD; 10 fig 
of plasmid DNA/100-mm dish) and then washed to remove the excess vector 
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Abstract Fibroblast cell lines derived from normal skin and experimentally induced fibropapillomas of 
green turtles (Chelonia mydas), were propagated in vitro and tested for tumorigenicity in immun- 
odeficient mice. Differential display RT-PCR was used to identify differences in messenger RNA 
expression between normal and tumorigenic fibropapillomatosis (FP)-derived fibroblasts from the 
same individual. Four unique products that were apparently overexpresed in FP and three that 
were apparently underexpressed were cloned and sequenced. Differential expression was con- 
firmed for three products by Northern blotting. Two overexpressed products showed extensive se- 
quence matches to the known mammalian cellular genes, beta-hexosaminidase and chain termina- 
tion factor. The product that was underexpressed in FP showed homology with mammalian 
thrombospondin, a known tumor-suppressor gene and an inhibitor of angiogenesis. All of the par- 
tial gene sequences identified are novel and will require full length cDNA sequencing to further 
analyze their identities. These results, however, provide the foundation for further investigation to 
determine the role of each of these gene products in FP pathogenesis and cellular transformation. 
The potential for some of these products to serve as biomarkers for FP is discussed. © 2001 
Elsevier Science Inc. All rights reserved. 

1. Introduction 

The green turtle, Chelonia mydas, is an endangered spe- 
cies. In the past two decades, populations of green turtles 
around the world have been affected by an increasing preva- 
lence of fibropapillomatosis (FP), a disease that is charac- 
terized by multiple cutaneous and occasional visceral fibro- 
mas or fibrosarcomas [1]. This disease kills a considerable 
proportion of severely affected turtles and in the rest it in- 
creases the susceptibility to other mortality factors such as 
predation. 

A major histologic feature of FP in all tissues is the pro- 
liferation of stromal fibroblasts, which suggests that fibro- 
blasts are the cells that have undergone pathological 
changes [2]. Transmission experiments have implicated a 
viral agent as the cause of FP [3,4], but the mechanism is 
unknown. Possible mechanisms include either direct trans- 
formation of infected fibroblasts (neoplasia), or paracrine 

* Corresponding author. Tel.: 718-430-8553; fax: 718-430-8556. 
E-mail address: herbst@accom.yu.edu (L.H. Herbst). 

stimulation of uninfected fibroblasts (hyperplasia) by an- 
other cell type that is infected or transformed by the agent. 
These tumor fibroblasts are well differentiated and have 
normal Cytologie features and are morphologically indistin- 
guishable from normal dermal fibroblasts and have similar 
growth patterns and serum dependence in vitro [5]. This has 
made comparative studies of these cells difficult, because to 
elucidate the molecular basis of FP fibroblast proliferation, 
these cells should be differentiated from normal fibroblasts. 
However, we have shown that FP-derived fibroblasts are tu- 
morigenic whereas normal dermal fibroblasts are not, using 
an immunodeficient mouse model [5]. 

The purpose of this study was to begin to elucidate the 
molecular mechanisms of FP pathogenesis by searching for 
differences in gene expression between closely matched 
sets of tumorigenic FP-derived and non-tumorigenic normal 
dermal fibroblast cell lines using differential message dis- 
play analysis [6]. This is a sensitive technique to identify 
both novel viral genes that may be differentially expressed 
in infected or transformed cells and also host genes whose 
expression is altered by infection with the FP agent or any 
other transforming events. 

0165-4608/01/$ - see front matter © 2001 Elsevier Science Inc. All rights reserved. 
PII:S0165-4608(01)00421-6 
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2. Materials and methods 

2.1. Cell lines 

Pairs of matched early passage tumor and normal skin- 
derived fibroblast lines derived from green turtles with ex- 
perimentally induced FP were propagated at 30°C in a 5% 
C02 atmosphere in Dulbecco Modified Eagle Media (D- 
MEM)/F12 supplemented with 10% FBS (GIBCO, Grand 
Island, NY, USA) as described previously [5]. Cultures 
were expanded to approximately 6X107 cells. Cells were 
grown to confluence and then harvested with 0.25% trypsin- 
1 mM EDTA in Hanks' Balanced Salt Solution (HBSS). 
The cells were washed in HBSS and approximately 5X107 

cells were used for DNA and RNA extractions, and 1- 
5X106 cells were used in tumorigenicity assays to confirm 
their phenotype. The remaining cells were cryopreserved 
for further investigation. 

2.2. In vivo tumorigenicity 

Tumorigenic potential of both tumor and normal skin- 
derived fibroblast cell lines were evaluated using the immu- 
nodeficient Rag-2 —/- or CBM-scid/scid mice, as described 
in Herbst et al. [5]. Aliquots of 1-5X106 cells suspended in 
100 jil PBS were injected into the margin in the pinna and 
the mice were observed weekly for at least 4 months for ev- 
idence of tumor development. 

2.3. DNA extraction 

DNA was prepared from approximately 1X107 cells us- 
ing standard proteinase K digestion followed by phenol: 
chloroforrmisoamyl alcohol extraction and ethanol precipi- 
tation [7], 

2.4. RNA extraction 

Total RNA was extracted from 3X107 cell using a RNA 
extraction kit (Stratagene, La Jolla, CA, USA; # 200345) as 
per manufacturer's protocol. 

2.5. Differential message display RT-PCR 

Briefly, the total RNA preparations were treated with 
RNAse-free DNAse to remove possible chromosomal DNA 
contamination. The cDNA was synthesized from the total 
RNA samples by reverse transcription using 4 sets of de- 
generate anchored (3') primers (T12MN) where M is G, A, 
or C and N is G, A, T, or C. With 12 possible combinations 
of the last 2 bases, each primer recognized l/12th of the to- 
tal mRNA population. Partial cDNA sequences were ampli- 
fied using 5' end primers, corresponding 3' end primers, 
and 35S labeled dATP such that 50-100 cDNAs were ampli- 
fied. The 5' primers were arbitrary decamers allowing an- 
nealing positions to be randomly distributed in distance 
from the polyA tail. The 5' primers were designed to maxi- 
mally randomize the 3' end with a fixed 5' end. Following 
amplification, short 100-500 bp cDNA sequences were sep- 
arated on polyacrylamide sequencing gels. The products 

from tumorigenic and normal cells were run on adjacent 
lanes, allowing side-by-side comparison of the mRNA ex- 
pression pattern of tumorigenic versus normal skin fibro- 
blasts. Bands that were present in one cell line but absent in 
the other were cut from the gel, cloned into pGEM easy vec- 
tor systems (Promega Corporation; Cat# TM042) and se- 
quenced manually. 

2.6. Northern blotting 

Cloned DD-RT-PCR products were 32P-dTTP labeled and 
used as probes on Northern blots to verify differential ex- 
pression. Total RNA samples (30 u,g per lane) from matched 
pairs of cell lines (FP and normal) were run on agarose gels 
and blotted onto nitrocellulose membranes. Probes were hy- 
bridized for 72 h at 42°C and washed in 2X SSC [7], 

3. Results 

The cultured tumor-derived fibroblasts were morpholog- 
ically indistinguishable from cultured normal fibroblasts 
under light microscopy as observed previously [5]. The FP- 
derived fibroblast lines, however, were tumorigenic when 
injected into in the ears of Rag2 —I— or scid/scid mice 
whereas the normal fibroblasts did not develop tumors. 

DD-RT PCR yielded several cDNA segments that ap- 
peared to be either overexpressed or underexpressed in vitro 
in tumorigenic FP fibroblasts compared to normal fibro- 
blasts (Fig. 1). Of these, four unique overexpressed products 
(ranging in size from 189 to 412 bp) and three underex- 
pressed products (193-401 bp) were cloned and sequenced. 

3.1. FP overexpressed transcripts 

Positive (sense) strand homologies to expressed se- 
quence tags (ESTs) and short coding regions were found for 
all of the four products, however, extensive matches of the 
full length product sequence to 3' cDNA of known genes 
were found for only two of these products (LHHCM4-5 and 
LHHCM8-3). Both of these were confirmed by Northern 
blots to be overexpressed in tumor compared to normal 
(Fig. 2). The other two clones (LHHCM2-2 and LHHCM7- 
4) didn't show any homology in the GeneBank and surpris- 
ingly their differential expression could not be detected in 
the Northern blotting experiments in either tumor or normal 
fibroblast RNA under the conditions used. Repetition of 
these experiments with excess amounts of RNA will deter- 
mine if these transcripts are actually low in copy number. 

The first 31 nucleotides of product LHHCM8-3 (386 bp) 
had sense strand homology to the 3' end of pig and human 
beta-hexosaminidase (X92379.1 and HUMHEXB, respec- 
tively), and the putative amino acid sequence was homolo- 
gous to the 3 terminus of beta-hexosaminidase transcript of 
the pig (Q29548) and human (P06865). A putative amino 
acid region of 153 bp long had 38/51 (74%) amino acid 
matches to the 3' terminus of the pig hexosaminidase 
mRNA. The remaining portion of product LHH8-3 was a 
non-peptide sequence. 
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Fig. 1. Gene expression profiles of genes by differential message display 
studies using total RNA, isolated from a pair of matched tumor and normal 
skin derived fibroblast cell lines cultured from a turtle with experimentally 
induced FP. Columns C. T. A, and Ci represent each of the 3' primers 
(T,,CN where N = C, T, A, and G. respectively). Subcolumns a. b, c. d. 
and e represent individual 5' primers (arbitrary decamers). For each of the 
20 primer pair combinations, products of normal fibroblasts (left) arc dis- 
played along side those from tumor fibroblasts (right). Differentially 
expressed gene sequences (open and closed arrowheads) were cloned and 
sequenced for further characterization. 

Product LHHCM4-5 (412 bp) was homologous over its 
entire length to the 3' terminus of eukaryotic peptide 
(AB029089) and hamster (MAC114, MAC111). Compari- 
son of LHHCM 4-5 with the full-length human cDNA (HS- 
HCGVII) revealed 4 short gaps of 3,19,2, and 23 bp in the 
sequence alignments and was 88% identical (207/235bp) if 
the gaps are not considered. Interestingly the putative 3' end 
of LHHCM 4-5 contained a 130 bp sequence, which was 
unique. The product is not in the amino acid coding part of 
the transcript. 

3.2. FP underexpressed transcripts 

Three RT-PCR products that appeared to be relatively 
underexpressed in FP fibroblasts were also successfully 
cloned and sequenced. Only one of these clones, 
LHHCM 10-5 (321 bp) was confirmed to be underexpressed 
in FP by Northern blotting (Fig. 2). This sequence had only 
limited homology to known mammalian sequences. The 
longest of the sense strand matches was human and bovine 

Fig. 2. Northern blotting of total RNA of normal (lanes 1, 3 and 5) and 
tumor (lanes 2,4 and 6) cells using three probes derived from the differen- 
tial product sequences. Lanes 2 and 4 show over-expression of two 
sequences (LHH4-5 and LHH8-3) and lane 6 shows under-expression of 
sequence LH10-5 in the tumor samples. The 18s RNA probe (B) was used 
to confirm equal loading of RNA samples. 

thrombospondin-1 mRNA, which contained ä 96 bp se- 
quence that was 83% identical. Sequence LHHCM5-3 (359 
bp) had partial sequence homology to chicken delta EF1, a 
transcriptional repressor (58% base pair identity over 90 bp) 
and to a region containing human HLA class II gene se- 
quence (68% base pair identity with two gaps of 77 bp and 4 
bp, respectively, over 140 bp). This transcript was not de- 
tected by Northern blotting in either FP or normal fibroblast 
RNA under the conditions used, suggesting its low copy 
number. Product LHHCM1-4 (401 bp) hybridized to RNA 
from both cell types but was not differentially expressed. 
This sequence did not have any obvious matches to known 
genes in the databases. 

4. Discussion 

The availability of matched green turtle FP-derived and 
normal fibroblast lines and a model system in which to 
monitor the tumorigenic phenotype made it possible to in- 
vestigate the molecular basis of fibroblast proliferation in 
green turtle fibropapillomatosis. 

Comparison of gene expression in matched tumorigenic 
FP-derived versus non-tumorigenic normal skin-derived fi- 
broblasts from individual green turtles with experimentally 
induced FP yielded several cDNA products by RT-PCR. 
Two of these were confirmed to be overexpressed in tumor 
fibroblast RNA and one was confirmed to be underex- 
pressed by Northern blotting. The fact that some of the re- 
maining products could not be detected in Northern blots of 
either cell type may indicate that these transcripts were very 
low in copy number. The total RNA was extracted from 
mass cultured fibroblasts, which could contain an undeter- 
mined proportion of tumor cells mixed with normal cells. 
Therefore, differences in gene expression that were detected 
by Northern blotting are probably robust differences and 
more subtle differences will require cloned cell lines. 

Very few turtle or reptilian gene sequences have been 
available in the gene sequence databases. Consequently, all 
of the partial cDNA sequences found in this study are novel 
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and cannot be assigned with certainty to their putative cor- 
responding mammalian homologue. In addition, some of 
the over-expressed products may represent viral gene tran- 
scripts from the FP transmissible agent, if it latently infects 
fibroblasts. Preliminary data from these cell lines suggest 
that FP fibroblasts are non-productively infected with a 
green turtle FP-associated herpesvirus, a candidate for the 
FP etiologic agent [8], so it is possible that some of these se- 
quences could also belong to the herpesvirus genome. For 
each product, the full-length cDNA must be sequenced and 
then studied further to characterize putative gene function 
and to determine whether a corresponding polypeptide is 
expressed. Extensive additional gene sequence information 
for green turtles and FP-associated turtle viruses will also be 
needed before these products can be properly identified and 
before it can be determined if these products represent nor- 
mal transcripts whose expression level has changed or aber- 
rant transcripts resulting from gene mutation, activation of 
pseudogene expression, or abnormal RNA processing. 

These results provide a foundation for developing hy- 
potheses about the pathogenesis of fibroblast transforma- 
tion in FP. For example, the role of polypeptide chain re- 
leasing factor or eukaryotic RF1, the putative identity for 
product LHHCM4-5, in neoplasia or viral infection de- 
serves further investigation. This protein is responsible for 
chain termination at all 4 stop codons [9]. Overexpression 
of an aberrant form of this protein, argueably may disrupt 
an important checkpoint in preventing the translation of ab- 
normal mRNA transcripts, which could enhance cancer 
progression [10,11]. 

Product LHH10-5, which is underexpressed in FP fibro- 
blasts, is a putative mammalian homologue of thrombospon- 
din. Thrombospondin is an inhibitor of angiogenesis and a 
known tumor suppressor [12-14]. Its expression is decreased 
in a number of neoplastic diseases and in cells infected with 
human cytomegaloviras, a herpesvirus, as well [15]. 

The putative identity of LHHCM sequence 8-3, is beta 
hexosaminidase based on base pair and amino acid homolo- 
gies to the mammalian gene. Isozymes of beta-hexosamini- 
dase have been shown to be overexpressed in other types of 
neoplasia [16-21] and increased levels have been detected 
in the serum of virus infected humans [22]. Thus over ex- 
pression of this gene is expected in FP. Therefore, isozymes 
of this protein may serve as useful serum markers for turtles 
with cryptic FP, such as visceral tumors, or systemic virus 
infection. 

As stated, further elucidation of the role of these genes in 
FP tumorigenesis or FP-virus infection will require, identifi- 
cation of their full length cDNAs. To establish their respec- 
tive roles in tumorigenesis will require both in vitro and in 
vivo studies, such as transfection and overexpression of 
transcripts in normal fibroblasts to determine if they be- 
come tumorigenic. Fortunately, a model system has been 
developed and matched cell lines are available in our labo- 
ratory, which we believe would allow further elucidation of 
FP in turtles. 
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Annexure-IX 

MOLECULAR MAKERS OF METASTASIS IN 
DUCTAL MAMMARY CARCINOMA 

P. Mohan R. Achary, H. Zhao, Z. Fan, H. P. Klinger1 

and B. Vikram 

Metastasis Laboratory, Departments of Radiation Oncology 
and Molecular Genetics1, Albert Einstein College of 

Medicine and Montefiore Medical Center, Bronx, NY. 

achary@aecom.yu.edu 

About 13% mammary carcinoma patients with negative lymph nodes are prone to developing 
metastasis even if treated with surgery, or surgery and radiation therapy. The objective of 
this project is to construct a panel of molecular genetic markers for detecting those 13% of 
patients so that they could be treated more aggressively. 
We hypothesize that in order to achieve the metastatic state primary mammary carcinoma 
cells must acquire genetic changes in addition to those that led to transformation. A 
subtractive DNA hybridization technique, Representational Difference Analysis (RDA) was 
used to compare the DNA of cells from archival normal tissue or primary ductal tumor with 
that of the metastatic lymph node of the same patient in order to isolate those sequences that 
were lost in the course of tumor metastasis. The tumor and metastatic cells were recovered 
by laser capture microdissection and subjected for RDA and also used for Southern blotting 
and PCR screening with the probes obtained from the RDA procedure. 
We isolated 11 sequences that are candidates for being metastasis associated gene sequences 
(MAGS) because they were lost in metastatic cells. Radiation hybrid (RH) mapping of these 
sequences agreed with the results of sequence homology localization searches. To-date three 
of these 11 sequences were used to screen normal, primary and metastatic cell DNA samples. 
MAGS-XI was found to be lost in the metastatic cells of 3 out of the 5 tumors. MAGS-IX 
was found to be lost in metastases from 2 out of 3 primary tumors, and MAGS-IV was lost in 
1 out of 3 tumors. RH mapping and homology search results indicated that MAGS-IX was 
located on the long arm of chromosome 10 where the PTEN, a known metastasis suppressor 
gene is also located. To determine if MAGS-IX is perhaps a part of the PTEN gene we PCR 
screened the above mentioned three tumor cell DNA samples and a breast carcinoma cell 
line, HCC-1937 which has homozygous loss of the PTEN gene (10q23 region). The results 
indicated that MAGS-IX is not related to the PTEN gene 
but is a novel gene sequence. Presently we are isolating 
partial and/or full-length sequences of these MAGS to use 
as fluorescence in situ hybridization (FISH) probes to 
screen a larger number of tumor samples. A 2Kb sized 
MAGS-IX has been generated and localized to the q21 
region of human chromosome number 10 by FISH 
(Figure). Screening the primary tumor tissue sections of 
carcinomas which metastasize to lymph nodes is 
underway. The panel of molecular markers that we expect 
to develop should make it possible to detect those tumors 
(-13%) that are prone to becoming metastatic. 

Fig. Localization of MAGS-IX to 
human metaphase chromosome 10q21 region by FISH. Centromere of chromosome 8 was used as a positive 
control probe. Both sequences were labeled with spectrum green (Vysis) and chromosomes were counter 
stained by DAPI. 
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